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Major Professor: Dr. E. Bruce Godfrey 
Department: Eco nomic s 
i X 
A theoretica l ana l ysis for estimating the socia l cost and benefits 
assoc i ated with the impact of grazing on rangeland watersheds has been 
made in this study. A dynam i c maximizat ion model is used to derive an 
optimal uti l izat i on of forage by grazing, where forage uti li zation is 
treated as a decis i on variable and the hydrologic outputs of water and 
sediment are considered as a possible impact resu lt ing from grazing. 
A model ling approach to predict the quant i ties of water runoff and 
sediment yield from watersheds was empl oyed. A water ba l ance equation 
and a curve number procedu re were used to predict water runoff. For 
the prediction of soil loss and sediment yields, the Universal Soil 
Loss Equation (US LE) and the Modified Universa l Soi l Loss Equat i on 
(MUSLE) were utilized. This mode l ling approach ma kes it possible to 
simulate long-term impact of grazing on li vestock production, water run-
off, and erosion. To integrate these predictions on physical qua nti-
ties of erosion and runoff i nto an economic framework, procedures for 
an economic va lua tion have been exp l ored and presented. This theore -
tical analysis deals with the problems associated with watershed prac-
tices. It attempts to bridge the gap between the physicall y based 
studies and economic analysis. It provides a comprehensive analytic 
framework to eva l uate po l icy decis ions on publ icly administered range -
lands. This analysis could be used to determine the optimal rate of 
the use of rangela nd watersheds by domestic l ivestock. 
Empirica l analysis has been undertaken as an appl ication of the 
met hodo l ogy outlined in the theoretical analysis. It utilized t he 
outputs ge nerated from a s imul at ion (SPUR) model . The outputs from the 
simulation with the SPUR hydrology model inc l ude water runoff, sediment 
yields, and livestock ga i ns. These outputs have provided the bas i s for 
a "with" versus "without" analysis commo n to all cost-benefit ana l ys is. 
The analysis showed that grazing in a selected area for 50 years yield -
ed a benefit -cost ratio of 1. 07. The re sults of this analysis demon -
strated t ha t grazing on rangeland watershed was eco nomicall y justified 
even when the impacts of grazing on the watershed were taken into 
account. 
(101 pages) 
CHAPTER I 
INTRODUCTION 
Statement of the Problem 
Ra nge land produces ma rketable commodities such as forage, and, at 
the same time non-marketed hydrologic outputs of water and sediment. 
However, the benefits and damages associated with these hydrologic out-
puts are just as much economic services and disservices as those regu-
larl y produced, purchased, and consumed in our economy. Since the need 
for water for domestic, agricultural and industrial use is critica l and 
because range l ands comprise such a vast watershed area, yi elds of water 
and sediment from rangelands are receiving increased attention. 
Rangelands account for an estimated 28 percent of the annual sedi-
ment production within Region 10 (excluding Alaska) of Environment 
Protection Agency and are second only to croplands in total sediment 
production (Meehan & Platto, 1978). It has been recognized that sedi-
me nt is a major pollutant from rangeland watersheds. However, bacteria 
or nutrients as potential pollutants from livestock grazing do not 
appear to be problem on areas not included in riparian zones (Black-
burn, Knight & Wood, 1981; Buckhouse & Gifford, lg76). 
It is generally recognized that rangelands are inherently fragile 
and their destruction may be irrevisible. Society may be committed to 
preserve them in the ecosystem, which is identified as preservation 
be nefits in economics literature. Recent legislation, such as the 
Federal Water Po llution Contro l Act Amendments of 1972, the Federal 
Land Policy Act of 1976, the Public Rangeland Improvement Act of 1978, 
and the Soi l and Water Resource Conservation Act of 1977, i s indicative 
of the aroused concern for better management of the range l and resource 
(Wight & Siddoway, 1982 ). 
Grazing animals on watersheds affects the rate water infiltrates 
(Hawkins & Gifford, 1979). The relationship between vegetation and 
hydrologic phenomena is composed of two elements. First, plant cover 
intercept s precipitation allowing it to evaporate before reaching the 
ground. The second e l ement involves the draft on soil moisture by 
grow ing plants resulting in transpiration and evaporation. Grazing, 
through a reduction of vegetation, may create favorab l e conditions of 
water flow for beneficial uses downstream . 
At the same time, this increase in water runoff may cause an 
increase in erosion . As a resu lt, grazing may impose damages to soc iety 
in two ways. First, erosion reduces in situ forage productivity as 
topsoil is gradually replaced by les s productive subsoi l s. Second, 
sedimentation, which is the net result of erosion, represents a source 
of possib le offsite damage inc l uding non-point pollution to streams that 
drain rangeland watersheds. This sedimentat i on al so increased the product -
ivity of lowland, a beneficial impact by depositing topsoil on farmlands. 
The ideal market economy which would yield optima l resource allo-
cation does not general ly exist in managing watersheds if the benefits 
and damages caused by grazing is not taken into account in the decision 
making of ranchers who create these benefits and damages. This exter-
nality problem tends to induce overproducti on and overconsumption of 
some items, and underproduction and underconsumption of others (Meade, 
1952). For example, a society that allows waste dischargers to neglect 
the offsite damageofwaste disposal will not only devote too few re-
sources to the treatmentofwaste but will also produce too much waste 
in view of the damage it causes (Kneese & Bower, 1968). 
The problem can be ameliorated by alter ing rangeland management 
practices if both onsite and offsite externalities are significant. An 
economic tradeoff may exist among the alternative watershed practices. 
However, since most of these benefits and costs are not marketed and/or 
due to the absence of competitive elements in the market of some of the 
goods and services produced at the rangeland watersheds, estimation of the 
social value of goods and services produced on rangelands is essential 
to answer questions related to public policy decision s concerning the 
use of range land for watershed purposes. 
Studies that have evaluated the impact of watershed practices have 
concentrated in the area of erosion control, onsite productivity and 
income losses of crop l and (Guntermann, Lee & Swa nson, 1975) . There i s 
also a substantial body of literature on the physical impact of grazing 
on watersheds (See for example the summary by Blackburn et al., 1981 ). 
There are also models for predicting physical vo l ume of water runoff 
and sediment yields, that used watersheds as a management unit (e.g . , 
Branson, Gifford, Renard & Hadley, 1981; USDA-ARS, 1983). There are 
also many studies and techniques available on the valuation of benefits 
of changes in water quantity and quality (McKean, 1958; Freeman, 1979; 
Greenley, Walsh & Young, 1981). However, there has been no attempt to 
explicitly analyze the economic costs and benefits of grazing animals 
taking into account the impact they may have on the hydrologic outputs 
of rangeland watersheds. These problems wi 11 be addressed in the course 
of this study. 
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Objectives of the Study 
This study seeks to anal yze the social costs and benefits associa-
ted with t he impacts of grazi ng on rangeland watersheds. The specific 
objectives are: 
1. To formulate a theoretical model that can be used to assess 
the soc ial costs and benefits associated with the impact of 
grazing animals on rangeland watersheds. 
2. To empirically estimate the costs and benefit s associated with 
grazi ng and its impact on the watershed of a se lect ed study 
site. 
3. To draw policy implications for rangeland watersheds management. 
CHAPTER II 
REVIEW OF LITERATURE 
In reviewing the literature, no studies were found which related 
di rectl y to this dissertation objecti ves. Therefore, studies on 
erosion control economics in ge neral and the conclusi ons of the exist-
ing l iterature on the impact of grazing on watersheds have been reviewed . 
Externalities and Erosion Control Economics 
An externality is usuall y defined as a situat ion where the uti li ty 
of an affected party is influenced by a vec tor of activities under hi s 
control but al so by one or more activities under the control of another 
(or others). Since the writings of Coase (1960) and Buchanan and 
Stubbl ebi ne (1962), most authors have fo cussed on Pa reto- relevant 
externaliti es. ~1any categories of interacti ons which sat i sfy the 
definition of externality are handled in market, and no possibi lity of 
Pareto-rel evance exists for these categories when markets function well 
(Randall, 1983). However, ma ny pos sible ex ternalities are recogn ized 
by contemporary economi sts with regard to the utilization of land re-
sources. Seve ral studies have been conducted with an emphas is on soil 
erosion of crop l and s . Wade and Head.' ' (l rna, p , 1281 ) stated t hat there were 
two externa liti es from so il eros ion, "potentia ll y reduced agricu ltural 
production capacity and the po 11 uti on of the eroded soi 1. ,. 
They al so argued that farmers in many areas were not interested 
(or economica l ly motivated) to stop or reduce the damages from soi l 
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erosion . Burt (1981) applied optimal control theory to the farm le ve l 
economics of soil conservation in a model which used the depth of top-
soil and percentage of organic matter therein as the two state variables. 
Results of his study suggested that intensive wheat production under 
modern farming practices and heavy fertilization was the most economic 
cropp ing system in both the short and long run in the Palouse Area, 
lying in Eastern Washington and Hestern Idaho. Walker (1982) developed 
an erosion damage function to measure onsite damage from agricultural 
soil los s . This model compared conventional farming and a conservation 
practice with a nonlinear yie ld relation in a dynamic setting treating 
conservat ion adoption year as a variable. He concluded that on shal low 
soils eros ion damage provided a conservatio n incentive, while on some 
deep soil s erosion was economically rational for wheat in the Idaho 
Washington Pa louse area. He sugge sted that the damage function could 
be used to determine the optimal rate of soil loss in a region. 
Guntermann, Lee and Swanson (1975) estimated the offs ite sed iment damage 
costs for selected agricultural watersheds in Illinois. The offsite 
damage cost appeared to be many times larger than onsite sediment dam-
age costs (production effects). They estimated five types of offsite 
damages: ( l) the shortened economic life of reservoirs caused by exces-
sive ly high rates of sedimentation; (2) residual damages downstream 
from the reservoir as the sediment component of flood damages; (3) 
damage occurred at the end of a reservoir economic life, when sediment 
damages reached prereservoir le vels; and (5) the cost of clean ing and 
ma intaining drainage ditches. Workman and Keith (1974) perfonned 
benefit-cost analysi~ of erosion control practices in the Upper 
Colorado River Basin using a "mini-max" procedure, based on minimum 
possible costs and maximum possible benefits. The resu l t of this study 
showed that even under the most generous and optimistic conditions, 
surface treatment of this area promised to yield a benefit-cost ratio of 
only 0.12. 
Impacts of Grazing on Watersheds 
Rangelands are characterized by low precipitation and sparce cover 
with variabl e soil types. Grazing an imals are one of the significant 
factors affecting the hydrologic behavior of rangelands. Heav il y 
grazed range generally shows decreased infiltration rates, and increased 
surface runoff and erosion ( Blackburn et a l . , l 981 ) . For example, 
Sharp, Bond, Neuberger, Kuhlman and Le~lis (1964 ) found in South Dakota 
that total runoff from a heavily grazed area was approximately 1.5 times 
greater than that from moderatel y grazed areas. 
Lusby (1970), in an experiment near Grand Junction, Colorado, on 
salt-desert type rangelands, found that ungrazed watersheds averaged 30 
percent less runoff than adjacent grazed watersheds. At the same time, 
ungrazed watersheds averaged 45 percent less sediment than grazed water-
sheds. Tramble, Renard and Thatcher, (1974) found in southeastern 
Arizona that infi lt ration on selected rangeland sites was greater for 
bush-dominated pl ots than for either grazed plots or grass plots without 
grazin9. 
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CHAPTER I I I 
METHODS OF ANALYSIS 
The preceding review of literature has shown that there are signi-
ficant impacts on hydrologic outputs as a result of graz in g on water-
sheds. An econom ic analysis of these impacts involves an eva luation of 
different time streams of future benefit s and costs associated with 
these impacts. In practice, the ba sic consideration of cost benefit 
analys i s is to maximize the present value of all benefits less that of 
al l costs (Prest & Turvey, 1965). Fundamental to this max imization is 
the concept of social discount rate. The hi gher the discount rate, the 
lower the value gi ven future benefits and costs as compared with present 
ones. The literature on the choice of appropriate discount rate is 
voluminous. Severa l approaches to the determination of an appropriate 
di scount rate are discussed in the literature (Baumol, 1968; Arrow & 
Lind, 1970; Hirshleifer & Shapiro, 1970) . 
Consider now the valuation of the costs and benefit s associated 
with the impacts of grazing on watershed. There are three basic pieces of 
information that are needed for valuation. First, the functional 
relationsh i p between grazi ng an imals and hydrologic outputs from water-
sheds must be quantified. Second, the influences of the change of the 
hydro l ogic outputs on environmental services of waterheds must be iden-
tified. These may include impacts on the aquat ic and riparian environ-
ment. Third, the value of these changes in hydrologic outputs must be 
determined. The va luation must include not only the direct benefits and 
costs of these hydro l ogic outputs but also the indirect impacts on the 
utility of individuals such as the effects of the change of hydrologic 
outputs on environmental services of watersheds . 
First information can be obtained using severa l hydrologic models 
that predict hydrologic impacts of watershed practices. Hydrologic 
models provide a way to transfer knowledge from a measured area to an 
unmeasured area where management decisions are needed. Knowl edge and 
data on the second problem are mostly insufficient particu l ar l y regard-
ing some of the subtl e influences of the change of hydrologic outputs 
on water qua l ity and aquatic and riparian vegetation. These infl uences 
may not be simply detectable even though they may exist. rleoclassica l 
economic theory provides the basis for dealing with the third problem. 
A theoret i ca l ana lysis of this study is ma inl y concerned with the 
exploration of the above three informations. An empirical analysis 
of thi s stu dy is to be conducted ba sed on cost- benefit anal-
ysis using the methods of measuring the costs and benefits explored in 
a theoretical analysis . Now, a brief review of general met hods of 
valuation discussed in neoclassical economic theory is in order . 
Neoclassical Economic Theory 
Individual preference theory is used in neoclassical economics as 
the basis of defining and measur ing the ga ins and losses in welfare 
associated with economic change. That is, the values that indiv idual s 
place on goods and services constitute the measure of benefits. These 
va lues are referred to as "willingness to pay" . The basis of the 
theory is the exist~nce of demand and supply functions . 
~lost contemporary economists would agree that the concept of 
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consumer's surplus yields the relevant economic value for both market 
and nonmarket goods (Mishan, 1976) . The theoretical measures of con-
sumer surpl us are compensating variations (CV), and equivalent varia-
tions (EV). They are measured by compensated demand functions, which 
show the demand for goods and services when income is so compensated 
that the individual is on the prescribed utility level. Theoretically, 
this demand function is derived from minimization of expenditure subject 
to a utility constraint. Unfortunately, utility cannot be obser-
ved and measured in the real world. However, ordinary consumer's sur-
plus ca n be measured by the area under a Marshallian demand curve and 
above the horizontal price line, as Marshallian demand function can be 
sta tistically estimated. This demand function is derived from utility 
maximization subject to the budget constraints. 
The question of the relationshiP amonq CV, EV and Marshallian con-
sumer's sur[\ 1 us has been exrlored hy Wi 11 i o (1976, n. son). l·!i 11 i~ showed 
that when the consumer's income elasticity is in the range of "!: 1 .0, and 
"if the surplus area under the demand curve between the old and new 
prices i s percent of income (or les s) , then the compensating variation 
is within percent of the measured consumer's surplus." This result 
has provided a justification for using the empirically observable 
Marshallian consumer's surplus measure of welfare change as a valid 
approx imation of the theoretical measure of either EV or CV. His con-
tribution enhanced the ability of economi sts to interpret the estimates 
of the effects of an economic change upon a consumer's welfare in a 
conceptually correct manner. 
Economic efficiency in a Pareto sense dictates that a producer 
would produce goods and services to the po int where his marginal cost 
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equals the price received. The area above the supply curve and below 
the price line at the in tersection of the supply curve with demand 
curve represents Marsha l l i an producer's surp lus {Martin, Tinney & Gum, 
1978). 
The sum of producer's surp lus and consumer's surplus represents 
the total economic benefit to society. The area ABC in Figure 1 is 
tota l surplus. The consumer surplus i s 
CS = JQ* P{Q)dQ - P*Q* 
0 
where P(Q) i s the demand curve, and P and Q are the equilibrium price 
and quantity. The producer surplus is 
PS P*Q* - /!* .C (Q)dQ 
0 
where C(Q) i s the margina l cost curve. Tota l surplus may be expressed 
as 
TS J;* P{Q )dQ - J~* C(Q)dQ 
Price 
A 
C(Q) 
P* - - - • - - - - - - • - -
c 
P{Q) 
Quantity 
Q* 
Figure 1. Total surp l us. 
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Harberger (1971, p. 785) proposed that three basic poatu l ates be accepted 
as providing a conventional framework for cost-benefit analysis or other 
types of applied welfare economics. 
The postu l ates are: (1) the competitive demand price 
for a given unit measures the va lue of that unit to 
the demander; (2) the competitive supply price for a 
given unit measures the value of that unit to the 
supplier; (3) when evaluating the net benefits or 
costs of a given action (project, program, or pol icy), 
the costs and benefits accruing to each member of the 
relevant group (e.g., a nation) should normally be 
added without regard to the individuals to whom they 
acc rue . 
Harberger's postulates are widely used as a basis for evaluation of 
costs and benefits. The real problems in valuation, hov1ever, are 
associated with the estimation of shadow price for incorrect or non-
existent market values. 
Estimation of Shadow Price for Incorrect 
or Nonexistent Market Values 
Market prices may fail to reflect appropr iate substitution rati o 
conceived in Pareto optima l ity condition for several reasons that have 
been e>: tensively discussed in economics literature . As a result, 
some method must be developed or used to estimate the va l ue of these 
incorrect or nonexistent market va 1 ues (Hargo 1 is, 1 970). 
Several ways of deriving shadow prices which reflect consumer ' s 
"willingness to ~ ay" to obtai n demand or benefit information have been 
developed. For example, programming techniques have been used to solve 
maximization problems. These techniques highlight appropriate trade-
offs or subst itution s. However, the in puted prices derived through 
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programmi ng techniques are no more appropr iate than the assumed objec -
t i ve fu nctions and the technological interrelati onships that unde rlie 
them (McKea n, 1966) . Two other commo n techniques used include the cost 
savings method and the change in net income method. These met hod s will 
be co ns idered in the estimation of the value of water runoff . 
Neoc la ss ical economic theory and the methods of valuation just 
described i s a basis of a theoretica l analysis of the following chapter. 
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CHAPTER IV 
A THEORETICAL ANALYSIS 
A Conceptual Framework 
Rangeland watershed is one of the "multiple-uses" of publicly 
administered rangelands. These lands prod uce vegetative and / or ani ma l 
products, and at the same time, generate hydrologic outputs of water 
and sediment (Fogel, Hekman & Duckstein, 1980) . The production func -
tions of these multiple products are determined by biologic or phys ical 
l aws and technology. 
Since the outputs from rangelands need not use the same bundle of 
inputs and the functional relationships between the multiple products 
rnay be either competitive or comp lementary , the technical externalities 
assoc_.ia ted with using rangeland watersheds may be positive, negative or 
zero (Godfrey, 1982) . If an area i s to be managed for multip l e products 
in an efficient manner, an economic analysis of the externalities should 
be based on the information of the interactions between the use of 
multiple products and their values at the margin. 
To help frame the conceptual interrelationship between grazing 
an ima ls and hydrologic outputs of water and sediment yield on the one 
hand, and their valuation on the other, the following graphical analysis 
is employed (Figure 2). It should be noted that the relationships derived 
are hypothetical and would need to be empir ically measured before pol i cy 
anal ysi s could be emp l oyed. 
The vegetat i on-runoff cu r ve shovm in quadrant I represents a hypo -
thetical functional relationship between forage utilization and runoff. 
I I 
Vegetation-erosion curve 
Sediment 
Yield 
Forage 
utilizat i on (%) 
(+) 
Vegetat ion-
runof f C'urve 
I (+l ----i.~s --------~----~~---4----------~-----
• 2 
5
1 
(+) 
I 
Erosion -damage curve 
III 
(+) 
Monetary 
Value ($) 
Lvater 
runoff 
Water-va lue curve 
IV 
Figure 2. Interrelationship between hydro l ogic outputs and their 
valuation (hypothetical) . 
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This relation is divided in to three phases. From 0 to f 1 ~ercentage of 
forage utilization , forage utilization has no impact on runoff. From 
f 1 to f 2 utilization, runoff i s an increas ing function of forage 
utilization because less rc in fal~ is inte rcepted by vegetation and litter. 
After f 2, runo ff is not influenced by forage utilization because at 
this poi nt , interception is of relati vel y minor importunc e. 
The water-val~e curve of quadrant IV represents the hypothetical 
functional re lationship between the marg inal value of water and runoff 
in the area benefitting from the runoff of this waters heds. The mar -
ginal va lue of water i s assumed to be a dec reas ing funct ion of runoff, 
represent in g the di mi ni shi ng marg inal uti li ty of water . It i s , however, 
conce i vabl e that the ma rgi nal value of increased \~ater may be zero or 
nega tive , depending on the geograph ic locat ion s and associated precipi -
tation pat t erns. 
The vegetat ion-eros ion curve of quadra nt II represents a hypothe-
t i ca l functio nal rela tion sh ip between forage utilization and eros ion -
sedimentation . This relation i s also divided into three phases . A 
natural level of erosion-sedimentation i s shown in s1. For example, 
li ght graz in g may have no impac ts on natural erosion-sedimentation. 
This i s shown at f 3. If the level or intensity of grazing is increa sed 
a bove f 3, eros ion-sedime ntat ion increases , because a substant ial l oss 
of vegetation cover increases runoff which, as the pri mary force in 
initi ati ng so il movement, may result in an i ncreased soi l loss . If the 
level of graz ing goes beyond some critical point, ero s ion may acce l er -
ate to the poi nt that the ent ire soil man tle is lest. 
The eros ion-damage curve of quadra nt Ill represents a hypothetical 
functional relationship between erosion-sedimentation and damage. The 
damage includes reduced onsite soil production as wel l as offsite 
damage associated with t he soil erosion. Marginal damage is hypothe-
sized to oe increasing with erosion-sedimentation starting from a 
natural l evel of erosion (s1 ) up to a certain point (s 2). 
The concern of society with regard to the externality assoc i ated 
with graz ing animals lies in t he case of seco nd phase of vegetation -
runoff curve and vegetation -erosion curve, provided the marginal 
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value of the associated runoff and eros ion- sed imentat ion is non-zero . 
From this framework, it i s clear that the optima l l evel of forage 
utilization on waters heds, and the evaluation of the costs and Dene-
fits of grazing depends on the shape and the knowledge of the curves 
presented in Figure 2. This represents the areas where hydro l ogists, soi l 
scient i sts and economists must work together in estimating these relation ship s . 
Thi s chapter presents a theoretical optimal use condition of 
rangelands for grazing ani ma l s. The ana lysis of onsite soi l erosion 
damage and the associated change of offs i te hydrologic output s as a 
resu lt of graz ing, and t heir va l uation is then followed. 
Opti ma l Use of Rangelands 
The conditions that would lead to an optimal use of rangelands 
for mu lti pl e products co uld De derived using a dynamic optimization 
model. The conditions derived by the mode l provide in sight on the 
poss iole ons ite and offs ite externa li ties caused by grazing anima l s on 
watersheds. 
For the purpose of theoretical derivation of an optima l cond i tion 
for grazing animals on rangelands, the following basic mode l , adopted 
from !lowe (1979) with some modif i cat ion, is utilized. 
F{ t) [L(t), R(t), t] 
P{t) 0 [F{t), t] 
SB(t) ; J
0
F(t) 0 [V(t}, t]dv + U [W{t), S(t)] 
(4-1) 
{4-2) 
{4-3) 
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Equation (4-1) is the natural resource commodity production function. 
F(t) is the rate of utilization of forage by grazing animals at time t. 
L (t) is the rate of inputs of a compos.ite capital and labor input for 
grazing. R(t) is in situ resources represented as a depth of topsoil, 
its organic content and capacity of storing moisture. R(t) enter s in 
the function as an argument to reflect "stock effects" on current 
production, and t reflects the technological and climatic inputs at 
time t. Equation (4- 2) is the demand function for forage with t act ing 
as a surrogate for factors that may shift the demand function over time . 
Equat i on ('1-1} i~dicotes that the socia l benefits to be provided from the 
rangelands are represented by the area under the forage deman"d curve up 
to the forage uti l izat i on rate F{t), plus or mi nus the social value of 
the hydro logic outputs of water W(t) and sediment yields S(t). A uti l -
ity funct i on U[W(t), S(t) ] represents the social welfare to be provided 
from the \~atersheds as a function of the water runoff and the sedi ment 
yields. This specification of the mode l is based on the assumption that 
significant offsite impacts of graz ing anima l s is ma i nl y on the hydro l o-
gic outputs from the watershed. 
If c is t he unit opportunity cost of L(t), the probl em of optimi-
zing the rate of forage uti l ization of the rangeland watersheds can be 
written as 
Max ! : {f~(t) O[V(t), t]dv + U[W(t), S(t)] -C(t)L(t )}e-rt dt {4 -4) 
dR Subject to dt ; - aF(t) 
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where e-rt represents the continuou s time discount factor. In an effort 
to simplify the ana lysis , we assume that soil deplet i on t akes place at 
a fixed rate (a) of forage utilization . As was shown in the vegetation-
erosion curve of Figure 2, so il l oss can be assumed to be an increas i ng 
function of forage utilization. A more genera l specification of so il 
dep letion would be f[F(t)], instead of aF(t), wi th f' (F) positive and 
f' ' (F) either positi ve or negative . This maxim ization probl em can be 
so lved usi ng optim?.l control theory, ~ti th the decision var i able being 
L(t) and state varia bl e being R(t) . To so l ve this probl em we formu l ate 
a Hamiltonian function such as 
H = !~ (t) 'l[V, t]dv+l l(t )[W(t), S( t)J -c(t)L(t) -q(t)aF(t) (4 -5) 
where q(t) i s the costate variabl e which represents margina l user cost 
of so il depletion . Differenti ating H with respect to L(t ) and setting 
this function equa l to zero yields, 
o[ F(t) , tJ ~ Flm + ~~ ~~ ~ [ + ~ ~ ~ ~ ~ [ -c( tl-q-a ~ E = o 
Since D[F(t ), t] i s simp l y the price at timet when the utilizat i on 
rate i s F( t), the conditi on becomes 
P(t) = C(t) + (t)· + ~ aw + ~~ aFTtT q a aw aF as aF (4 -6 ) 
m 
This condition dictates tha t, under an optimum program of resource 
uti l ization, the marg inal soc i al value of forage utilizat i on (represent -
ed by Pat timet) mus t equal the marg inal cost of forage uti l ization 
pl us in tergenerational user cost on the i n situ soil resources be in g 
used up (repre sented by q·a at time t) plus the change of margina l 
utility with respect to the change of water and sediment yield due to 
forage utilization. Here q{t) represents the intergenerati onal user 
cost of. onsite soil "mining" . lntergenerational user costs have been 
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defined as the present value of all future sacrifices associated with 
the use of a particular unit of an in situ resource ((Howe, 1979). The 
sacrifices imposed on future generations take the form of future pro-
duction precluded through current resource exhaustion and increased 
production costs as a result of stock depletion. The last two expres·· 
. "U dW dU 3$) s1ons (3w aF and as aT of the condition (4-6) represent the offsite 
externalities. This analysis is consistent with the soil conservation 
literature which suggests that there are two externalities from so il 
erosion, potentially reduced agricultural production capacity of soil 
and the offsite externality caused by this soil erosion {Wade & Heady, 
1979). 
If the last three expressions of the right hand side of equation 
(4 -6 ) are zero, the equation reduces to the optima l condition of a com-
petitive firm. Note that each of the three expressions has two compo-
nents: namely, the physical relationship or response and their value _ 
of this change at the margin. Measuring each of the three expressions, 
therefore, need to examine the methods of predicting the physical 
relationship or response, and the valuation of the benefits and costs 
associated with this physical change. A theoretical analysis of 
measuring each of the three expressions i s therefore in order . 
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Measuring the Impact of Watershed Practices 
Onsite Damage from Soil Dep letion 
The major concern of society for the onsite soil conservation is 
the sacrifices imposed on future generations in terms of reduced soil 
productivity as a medium for growing forage and preservation benefit 
such as option, existence and bequest value of soil resource. For the 
estimation of marg inal user cost of present soi l mining, an erosion 
damage function is formulated. 
Erosion Damaoe Function : Erosion ge nerall y causes the productive 
capacity of soi l to decline because essential nutrients and organic 
matter are lost. Eroded soil al so suffers from moisture deficiency. 
Subsoi l is l ess permeable to water, and less capable of storing mois-
ture. This process may be accelerated as a result of grazing . 
The estimation of the marginal user cost associated with lost 
future revenue from reduced forage production is derived using an ero -
sion damage function. This is a modified version of the Walker (1982) 
erosion damage function which was developed to measure onsite damage 
from crop 1 and. 
The erosion damage function proposed here portrays the economic 
consequences from employing an erosive practice (e.g., overgrazing) 
instead of a conservation practice (e.g., moderate grazing). The func-
tio n is based on three assumptions. First, some level of graz ing can 
be used that wou ld sustai n forage production each year without deple-
ting the soi 1 resources. Second, the effect of graz ing on so i 1 1 os s 
for a particular soil type of rangeland is known. Third, the effect of 
cumulative soil loss on forage productivity for a particular soil type 
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of rangeland can be expressed with a yield function relating forage 
production to topsoil depth and infiltration rate, which would appear 
to capture the essential information in the dynamic process of soil 
productiv ity. 
The value of the damage function in year t may be expressed 
(4-7) 
where Be is the benefits of choos ing the conservation practice in the 
current year. Be is the benefit of choosing the erosive practive cur-
rent ly and delaying conservation adoption another year. Dt is the 
va lue of the damage function in year t . 
The benefits of erosion practice in the decision year are equal to 
the present value of the net revenue stream from overgrazing in the 
current year, followed by moderate grazing at reduced topsoil and 
infiltration rate in each succeeding year of the time horizon. This 
can be exp ressed in the following manner, 
Be= P·Ye(t, \-1' It-1)- Ce (t, St-1' It-1) + 
T-1 
I [P·Yc(t+i, St, It) - Cc (t+i, St, It)] I (l+r)i (4 - 8) 
i=l 
where P is the value of forage; Ye' forage production with erosive 
practice as a function of topsoil depth, infiltration rate and time, a 
proxi variab le for technology ; Yc, forage yie l d with conservation prac-
tice; St , topsoil depth at end of yea r t; It, infiltration rate at end 
of year t; Ce, variable cost of forage production with erosive practice; 
T, number of yea rs in time horizon; and r , rea l rate of discount. 
On the other hand, the benefits of conservation practices in the 
dec i sion year can be expres sed 
Be = P·Yc(t, St-1 , It-1) - Cc( t, St-1, It-1) + 
T -1 
i =l [P · \(t+i, St-l' It-l)- Cc (t+i, St-l' It-l)] I (l+r)i 
Substituting for Be and Be in equation {4-7) and rearranging 
terms; 
- [ce (t, st- 1' It-1)- cc (t, st -1' It- 1)] 
T-1 
- 1: {P·[Y (t+i, St-l' lt-l)- Yc(t+i, St, It)] 
i =1 c 
+ [Cc (t+i, St ' It) - Cc (t+i, St-l, It-l )]} I (l+r)i 
(4- 10) 
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- [Ce{t, St-l ' It_ 1)- Cc(t, St- l' It_ 1)] measures the impact of grazing 
inten si t y choice on current income . The consequence of the grazing 
intensity choice on l ong-term benefits is captured by the final term, 
T-1 
- 1: {P·[Yc(t+i, St-l' lt-l )- Yc(t+i, \• It)] 
i =1 
+[Cc(t+ i, st, It) - cc(t+i, st-l, It-l )]} 1 (l+r) i This term measures 
the margina l user cost, the present va l ue of forgone future net benefits 
as a consequence of exploiting the soil in the current year. 
Preservation Benefit 
The resource economics literature identifies several possible 
estimates or methods for measuring willingness to pay for preservation 
of public nonmarket aspects of natural resources in the presence of its 
potential irreversibility (Krutilla, 1967; Greenley et al., 1981). 
This wil lingness to pay is distinct from the direct or immediate con-
sumer surplus benefit from use of the natural resources. 
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Range l and is inherent l y more fragile than cropland. It is charac-
terized by steep sl opes, sha llow soil mant l es, and a native pl ant 
cov;er that is in ~el i cate ba l ance with the environment. If situation 
occurs that reduces the vegetation cover beyond some critical point, 
erosion may accelerate to the point that the entire soil mant l e is lost , 
and the original level of cover cannot be reestabli shed (Wight & 
Siddo1·1ay, 1982). Therefore, the decision involving the commitment of 
the fragile and irrevers ible rangeland ecosystems imposes sign ificant 
opportunity costs on individuals who wish to maintain range l and eco -
systems. These opportunity costs constitute the preservat ion benefit s. 
The preserva tion benefits include option, existence, and bequest demands 
(Krutilla, 1967; Green l ey et al., 1981). 
Option value is the benefit to individuals from insur ing that a 
resource will be available for future use. This value arises because 
physica l modifications to a resource may be i rreversibl e. 
Existence value ha s been defined, for example, as the amount an 
individual would be willing to pay to preserve an area as a natural 
habitat for sat isfaction provided by the knowledge that such an area 
ex ists. People may pl ace a va l ue on the mere existence of biolog i cal 
and/or geomorpho l ogical variety and its widespread distribution 
(Krutilla, 1967). 
Bequest va l ue is the sat isfaction derived from endowing future 
generation with a natural environment. The bequest motivation means 
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that nonu sers as well as users have a desire to preserve natural 
environments with an appropriate value. 
If we predict the dema nd for preservation to increase, the defer-
red social cost arising from the destruction of ecosystem is expected 
to increase. On the other hand, the benefits of livestock grazing which 
causes the destruction might be assumed to be constant over time. The 
basi c ingredient of this approach is a perception of the forgone flow 
of benefits of preservation as a cost of present development (here 
grazing) activity, and a perception of the rising net benefits of pre-
servation over time {Fisher, Krutilla & Ciccheti, 1972; Porter, 1982). 
The asymmetry of the time paths of the flows of net benefits from the 
graz ing and the social costs arising from this activity must be taken 
into consideration for the estimation of the social cost of grazing. 
Considering the real, net forgone flow of benefits of preservation $P, 
and an exponential process whereby the preservat ion benefits at time t 
grow at rate from an initi al rate of p with social discount rate r, the 
present value becomes 
PV 
·' 0 
r·e-(r- p)t dt 
p._l_ 
r - P 
{4-ll) 
It should be noted that as long as there is no threat to the natur-
al environment by competing use, then option, existence and bequest 
values are provided as a free public good to all who possess such satis-
faction. If circumstances change so that there is significant possi-
bility of an irreversible change of the environment by competing use, 
such va lues may attain great importance for soc iety. These preservation 
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values should be added in the presence of potential irreversible degra-
dation of rangeland ecosystem to enable society to make the correct 
decision as to which use it should be put. 
Impacts on Water Yield 
au aw . ( ) There are two issues to the expression aw aF of equat1on 4-6 . 
One is the impact of grazing on ~1ater runoff and the other is the change 
of social value associated with the change of water runoff. The physi-
cal relationship between grazing ani mals and runoff is first identified 
and then, the estimation of the change of social value with respect to 
the change in runoff is explored. 
Estimation of Water Runoff : Hydrologists have identified those 
factors that affect the basic hydrologic equation (water balance equa-
tion) . These are expressed by the following physical relation ship. 
OS + Qg = p - ET t 6 s ± 6 w t 6 G (4-12) 
where Os is the surface water leaving the area, Og is the groundwater 
leaving the area, P is precipitation, ET is evapotranspiration, 6 S is 
the change in water storage above the water table, 6 W is the change in 
storage in surface water bodies, and 6 G is the change in groundwater 
storage. Complete evaluation and mathematical description of each of 
these factors is essential to fully understand the hydrologic balance 
of a 1•1atershed . As shown in this equation, the runoff of water from a 
rangeland watershed may be divided into two components: one i s the 
surface runoff that travels over the soil surface to the nearest stream 
channel, and the other is the groundwater runoff which is that part of 
precipitation that percolates through the soil mantle to the ground-
27 
water table and is eventually discharged into a stream or underground 
aquifer . 
The most widely used method of calculating direct runoff volumes 
from rainstorms involves the use of Soil Conservation Service Curve 
Number Methods (Branson et al., 1981 ) . This method states that runoff 
can be expressed in the following manner: 
Q = (P - 0.2S) 2 P + o.ss (4-13) 
where Q represents direct storm runoff in inches, P is total storm 
rainfall in inches, and S i s potential infiltration in inches. Since 
S may vary from 0 to oo , it i s transformed to a parameter ca ll ed Curve 
Number (CN) by the identity, 
CN 1000 
"11i"+'S (4 -1 4) 
and appropriate values of CN depends on four considerations: l) soil 
type, 2) vegetative type, 3) cover, and 4) soil moi s ture as expres -
sed through antecedented precipitation. 
Valuation of Water Runoff: Once the change of runoff due to a 
change of grazing activities is estimated by the above method, the 
change of socia l benefits being caused by this change of runoff shou ld 
be estimated. Here the crucial question to be asked is, what use will 
be affected by this change of runoff? For example, an addit ion to the 
water currently available wou l d have no va lue in the case if the addi-
tional water would not be used. 
The resource services prov ided by the increme nt in water that makes 
its way into the stream channel are genera ll y of two distinct t ypes. 
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One is an amenity resource serv ice that enters directly into the ut il -
ity funct ion of final consumers such as visitors to streamside for 
picnicking, fishing, photographing, or simi l ar recreat ion pur suits . 
The other is a primary commodity required in the making of some inter-
media t e or final consumption good or service. 
The estimation of the value of instream uses such as recreation 
value needs to know the biophysical effects of increasi ng water 
yield caused by graz ing that affec ts, whether positively or nega ti vely, 
the amenities the stream or streamside will prov ide as a result of the 
water i ncrease. If an adequate description ca n be provided on the 
changed biological productivity, t hen it is possible that a change in 
recreational va l ue can be estimated . However, it is possible that the 
influence of the increased water yeild wi ll affect aquati c and riparian 
vegetat ion so margina lly that no appreciable effect can be perce ived or 
measured . 
Several methods are availabl e that can be used to value ~~ater as 
a primary commodity. The methods presented here assume that the re l e-
vant market price is not affected by the chan ge i n water runoff. Thi s 
assumpt ion is based on the fact that s ince the changes in runoff caused 
by graz ing are generally small enough relative to the tota l quantity 
supplied in the affected area, that the relevant market price related 
to the runoff valuation will not be significantly affected. These 
methods include: l) the cost savings methods; 2) the change in net 
income method; and 3) the di rect observation of market tran sac tion 
method (Brown, 1982 ). 
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The Cost Savings Method: The cost savings method and the change 
in net income method apply where the water is an input in the produc-
tion of some product, here called the "end product". The cost savings 
calculated under a situation where a change in the runoff lowers the 
cost of production of the end product represent the monetary value of 
the change in the runoff. The cost savings method applies only where 
the output level and price of end product remain constant, because 
only then will the cost savings represent the full benefit. 
The cost savings method could be used to value a change in quan-
tity of water available for producing hydroelectric power, where addi-
tional hydroelectric power replaces more expensive power sources. It 
could also be applied to value a change in water quantity available for 
agricultural, municipal, or industrial use, where the additional runoff 
replaces pumped water, thus reducing operation and maintenance costs 
for some wells, slowing the rate of grou ndwater depletion, and making 
future pumping less expensive. 
The Change in Net Income Method : The change in net income method 
applies where the water is used in the production of a product which is 
exchanged in a relatively compet itive market. This method measures 
the change in net income of firms which are affected by the change in 
a water input. Unlike the cost savings method, end product output is 
expected to change as a result of the change in the intermediate input. 
Three conditions must be met for use of this approach. First, the 
other inputs (other than water) used by the producer must be sold 
competitively. Second, the price of the end product must not change 
with the change in ~later quantity and quality. Third, any products 
made from the end product (the product which uses water as an i nput) 
must in turn t€ exchanged in competitive markets. 
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Productivity studies of irrigated farms may be used to estimate 
the value of the product of an incrementa l acre - foot of water. The 
application of t hi s method for the value of i rrigation water is comp l i-
cated by the multiproduct nature of the affected farms. The exact 
combination of crops grown, and the acreage in each crop 1~ill depend on 
many factors. It has been common to model representative farms and 
use l inear programming to al locate acreage to different crops gi ven 
constraints on all re l evant variabl es. For exampl e Kelso, Martin and 
Mack (1973) developed a derived marg i nal demand curve for crop i rr iga-
tion water in an Arizona case study through the use of the variable 
resource procedure of linear programming. In th i s procedure, all 
variabl e factors of production other than the quant i ty of water appied 
are held constant in the representat i ve farm mode l s . The quantities of 
water availa~e for use are varied i n small i ncrements. At each quan-
tity of water a new optimum l inear-programming solution is generated. 
With each new solution, a "shadow pr ice" or "margina l value product" 
of an addit i ona l acre - foot of water is al so determi ned. 
Another cha nge in net income approach to valuing irrigation water, 
which applies in a situation where change in water supply would cause 
change in water use per acre rat her than a change i n acres irr igated , 
is to uti l iz~ irrigat ion water efficiency stud ies . Such studies show 
the change in yiel d per acre for di fferent crops as more water is ar-
pl1ed per acre wh i le ho l ding other inputs constant. For some crops in 
some irrigation areas, crop production functions are available (Heady 
& Hex em, 1978). 
The Direct Observation of Market Transactions Method s: Where 
water i s sold competitively to consumers, or to producers who in turn 
exchange their end product s in competitive markets, the market price 
31 
is a value of the unit of increased runoff. We may look for cases 
where the water is exchanged elsewhere in a competitive market . The 
success of this approach depends on how well the observed market resem-
bles the market which would exist on the area in question in the 
absence of institutional constraints . 
Marginal Cost of Water Supp l y: In the preceding sections, the 
anal ysi s of the demand for water is addressed. The value s derived 
using the abo ve methods represent the gros s monetary social value of 
the change in the water runoff. To derive the net social value of 
water runoff , the economic analysis of water supply costs, which must 
be deducted from the gro ss socia l value of the change of surface runoff, 
is needed. As the genera l shape of supply curve of normal goods shows, 
different quantities of water are available to agricultural users at 
different levels of costs. The original source of any of these supplies 
caul d be surface water and water pumped from an underground a qui fer. 
The general shape of water supply curve would apply both to the irri-
gation district which develops and sells to farmers, and to irrigators 
who pump their own water . 
The change in the hydrologic characteristics of the watershed as a 
result of grazing may cause the shift of water supply curve of the 
affected area. Increased surface runoff causes less water percolation 
to the water table, which will in turn result in less groundwater re-
lease into streams or underground aquifers . This poses a difficult 
problem for the valuation of water runoff. The possible change of 
water flow in time as well as quantity must be estimated. There is a 
further difficulty i n the valuation of this change of ~ter flow 
because the direction of the movement of supp l y curve caused by the 
change of water flow cannot be determined a priori . This is due to 
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the producer's adjustments in response to the change of the water flow. 
Suppose the case where a farmer, hirin g labors for applying water, 
replaces them with some mechanical device when the water flow changes. 
This adjustment may lead to either an increase or decrease in the 
margi nal cost of water application. This result indicates that pro-
ducer's responses be accurately identified and accounted for in an 
empirically estimating the change of water supp ly cost caused by the 
change of water flow of the affected area. 
Impacts on the Sediment Yie l d 
The expression ~ ~ ~ ~ of equation (4-6) represents the impacts of 
forage utilization on sediment yield s and the change of each individ-
ual's utility with respect to change of sediment yields. The physical 
relationship between grazing and erosion-sedi ment yield i s first 
identified and then, the valuation of the change of individual's util-
ity with respect to the change of sediment yields is presented. 
Estimation of Sediment Yield: Sediment is one of the hydrologic 
outputs from rangeland watershed. It can be expressed as a function 
of: l) climatic factors, primarily rainfall and temperature; 2) soil 
including it s inherent resistence to dispersion and it s water intake 
and transmission rates; 3) topography, particularly steepness and 
length of slo pe; and 4) plant cover , either living or existing residues 
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of dead vegetation (Branson et al., 1981) . 
One of the most important scientific problems associ ~ted with the 
va luat i on of watershed practices involves methods that can be used to 
predict changes in soil erosion as a result of these practices. The 
most commonly used method involves the use of the Universal Soil Loss 
Equation (USLE) and the Modified Universa l Soil Loss Equation (MUSLE). 
The USLE has been used as an erosion prediction method during the 
last two decades, and its reliability for cultivated agricultural areas 
of the eastern United States is generally accepted by sc ientists as 
the most comprehensive technique currently available to predict erosion 
(Wischmeier, 1976). The equation computes long-term average annual 
soil lo ss for specific combinations of physical and mangement condi-
tions. The equation is 
A RKLSCP (4-15) 
where A is the average soil l oss for the time interval represented by 
factor R, expressed in the dimensions of factor K (usually tons/acre). 
R is a measure of the erosive forces of rainfall and runoff . It is 
the local value of the erosion index (EI) rainfall parameter. K 
reflects the inherent erodibility of a particular soil. For a given 
soil, it equals the average soil loss per unit of factor R from a 72 . 6 
foot l engt h of 9 percent slope in clean-tilled continuous fallow. It 
can be measured on other slope gradients and adjusted to the 9 percent 
standard with a slope-effect formula. i s the dimensionl ess slope-
length factor expressed as the ratio of soi l loss from a gi ven slope 
len gth to that from a 72.6-foot length under the same cond itions. S 
is the dimensionless slope-steepness factor expressed as the ratio of 
so il loss from a given slope steepness t c that from a 9-percent slope 
under the same conditions. C is the dimensionless cover and manage-
ment or cropping-management factor, expressed as a ratio of soil loss 
from the condition of interest to that from tilled continuous fa llow. 
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P i s the dimensionless supporting erosion-control practice factor, 
expressed as a ratio of the soil loss with the practices such as coun-
touring, strip cropp ing, or terracing to that with farming up and down 
the sl ope. The equation can be used to compute the tota l average 
annual soil loss from sheet and rill erosion with i n a particular water-
shed. However, the USLE does not app l y to all erosion and sed i menta-
tion processes that may be important on rangelands. For example, gully 
erosion may be ser ious on some range l ands, and the USLE can not be used 
to evaluate these processes. Wischmeier (1976) identified severa l other 
1 imitations of the USLE. The modifi cation of this equation known as the mod -
ified ll~iversal So il Loss Equation (MUSLE) has al so been used to predict 
sediment yie ld. MUSLE was developed by replacing the rainfall energy 
factor of the US LE with a runoff energy factor. The MUSLE runoff 
energy factor is a function of the product of the runoff vo lume and the 
peak runoff rate for an individual storm. Advantages of replacing the 
rainfal l energy factor with the runoff factor include the following. 
First, increased accuracy in erosion prediction occurs because runoff 
genera ll y exo l ains more variation in sediment yield than does rainfa ll. 
Secondly, it el;minates the need for deli very ratios because the ru n-
off factor represents energy used in transporting as wel l as detaching 
sedi ment. Third, it can be used to predict erosion associated with 
individual storms (Williams, 1981) . The MUSLE equation is expressed 
as 
n(Q*Q )0· 56 (K) (C) (P) (LS) p (4-16) 
where Y represents sediment yields from upland area (tons/acre); n is 
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coefficient = 95; Q is upland runoff vo lume (in); Qp is peak flow rate 
(cfs); K is soi l erodibility factor; C is cover management factor; and 
LS is slope length and steepness factor . However, this equation has 
not been verified as a reli able predictor of sediment yield from range-
lands, but it does represent the most widely accepted method available 
to date . 
Valuation of Sediment Yield : The change of individual's utility 
with respect to sediment yield can be expressed as an economic function 
defining a relationship between the quantity of sediment and the socia l 
value, in dol l ars, that sediment causes. The social value that should 
be counted and included in the estimation are those which impose real 
effects on society and not s imp l y the pecuniary effects which sed imenta-
tion has caused (tkKean, 1958). Economic theory defines real damages 
and costs as occurring when output has been affected either by reducing 
the output obtained from given inputs or by requiring additonal inputs 
to maintain a given l eve l of output. As would be expected from the 
definition of real costs, most of the effects of sedimentation should 
be included in the estimation. 
As expressed in USLE and MUSLE, erosion and sedimentation involve 
the processes of detachment and movement with the primary force of 
runoff, and rrocess of deposition of sedimentation. Both processes 
occur in relation to transportation capacity of runoff, and consequent l y 
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damages to society can occur within as well as outside the basin. 
Therefore, the physical movement of the sediment to various points must 
be identified to estimate the social costs of sed imentat ion. The dam-
age caused by sedimentation at each point of the movement may be of 
several forms. Some of the most important effects include the follow-
ing. First, sedimentation can occur within the watershed soon after 
the sediment ha s moved offsite, causing changes in riparian and fish-
eries habitat conditions. Second, within the watershed, sediment accu-
mulation often occurs in a number of small ponds which provide water 
for the grazing animals, which results in the shortened life of the 
ponds. Third, further downstream sedimentation can be caused by a 
reservoir, resulting in the shortened economic life of a reservoir. 
Fourth, the impacts of sed iment on society can also occur while 
the sediment is in transit. Therefore, the sediment content of water, 
which affects water quality, can have an impact on the demand for 
agricultural, domestic and industrial, and recreational and aesthetic 
use of water. 
Once the possible effects of sediment at each point of its move -
ment are identified, the socia l costs resulting from an increased sedi-
me nt at each point can be estimated. Examination of each of the above 
soc ial costs is therefore in order. 
Damages to Riparian and Fisheries Habitats: Grazing has been 
recognized for some time as a potential conflicting activity to overall 
good riparian and fisheries physical habitat condition (Meehan & 
Platte, 1978). One of the major physical habitat limiting factors is 
silt . Large quantities of fine sediment cha nge the structure of 
aquatic communities and diminish productivit ies. However, there is a 
37 
lack of quantitive data in the literature pertaining directly to inter-
relations between grazing and physical habitat for aquatic and riparian 
wildlife (Meehan & Platto, 1978). A second impact is associated with 
removal of cover which may increase water temperature and adversely 
affect fisheries or reduce the cover available for wildlife . 
Pond Damage Costs: Water for grazing animals in rangelands is 
often supplied by small ponds. Accumulation of sediment to the ponds 
would reduce the useful life of these ponds. Assuming that a pond has 
a useful l ife of N years without grazing and M years with grazing, then 
the present value calculation proceeds as follows : 
_R __ + __ R __ + __ R __ + j R. PV 0 R + = L: J (l+i)N (l+i)2tl (l+i)3N i=l (l+i )jN 
j R. (4-17) 
PVg + _R __ + __ R __ + __ R __ + = L: _ _ J _ (l+i )M (l+i)2H (l+i )3M i=l (l+i )jM 
where PV0 is present value without grazing, PVg is present value with 
graz ing, and PVd i s the present va lue of damage cost. R is the pond 
development cost and i is the interest rate. 
In the case where the physical removal of deposited sediment is 
feasible, the damage cost can be ca l cu l ated by the increase in the 
periodical dredging operation costs . Thi s same methodology can be used 
to evaluate the impact of sedimentation on reservoirs used to store 
water for flood control, el ectrical power and/ or recreation . 
Increase in Annual Reservoir Cost: The economic life of a reser-
voir ends when the incremental benefits from continued use no l onger 
exceed the incremental cost of continued operation, and can never 
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exceed the phy sical life (James & Lee, 1971 ). Since increased sedi-
mentation of the reservoir due to grazing reduce its economic life, it 
wo uld l ead to higher annua lized cost for the reservoir. A reservoir 
generally can be divided into a sediment pool and other use pool 
levels . The sediment pool is designed to store sediment during the 
life of the project. The other use poo l leve l s are on top of the sedi-
ment poo l level. When the sed iment pool is filled, further si lting of 
the reservoir would start to interfere with reservoir design functions. 
The life of the sediment pool and total reservoir capacity can be esti-
mated as : 
(4-18) 
where Cs is the sed iment poo l capacity in acre -feet, Cr is the reser-
voir capacity in acre-feet, S is sediment yield in tons per year, K i s 
the conversion consta nt from acre-feet to tons, N1 is the life of the 
sediment poo l in years, and N2 is the life of total reservoir capacity 
in years . 
A standard capital recovery factor can be defined in terms of the 
service life nand discount rater as fo ll ows (T ihanski, 1974), 
c = Y(l + r)n 
( l + r)n - l 
(4-19) 
This value multiplied by the original value of the item effectively 
amortize the or iginal cost into n equal year l y payments at interest 
rate r. 
The increase of the annual ized cost due to reduced economic life 
wi th increased sed iment yields caused by grazing activities represents 
the annua l damage cost to reservoir . 
Impacts on the Quality of Water 
Glymph (1975, p. 2) defi ned sediment yield as, 
t he effluent from a soi l processing system . The 
system is a diffuse natural process, which we know 
as soil erosion. The system is distributed in 
time and space and can be accelerated or decelerated 
by a multitude of factors, including the activities 
of men. ---The effluent from this soi l processing 
system i s a heterogeneous mixture of mineral and 
organ ic matter in particle sizes ranging from sma l l 
to large, with a variety of natural or acquired 
chemical properties. The effluent is transported 
and delivered from the system of flowing water. 
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This sed iment content of water (with all the chemical s associated wi th 
it) results in a change i n water quality from rangeland watersheds. 
The change of water quality caused by grazi ng activities may have 
impacts on the wa ter demand for agricultural, domestic and industrial 
use, and recreational and aesthetic use , resulting i n the change of 
benefi ts society can get from the water being supp li ed by the watershed. 
The examination of the case of agr i cultura l use is in order. 
Demand for Agr i cult ura l Use: Consider a farmer with a production 
function with the usual neoc l ass i cal properties, treating water quality 
factors as an exogeneous variables , 
X= F [K, Y, S(G), N{G), E] {4 - 20) 
where X is agr icultural output, K represents a vector of variable 
inputs other than the quanti ty of waterY. S rep resents t he index of 
salinity wh i ch will ha ve adverse impact on X, and N is the index of 
nutrients which rna~ have a favorable impact on X. Here for the sim-
plificat ion of the anal ys i s sal inity and nutr i ent content of water 
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represent all the chem ical s associated wit h erosion. E designates all 
other factors assumed to be constant such as land, climate and so on. 
The margina l productivity condition s dictate that a profit maxim izing 
farmer will demand water until 
oF{K, Y, S, N) 
av (4-21) 
where i s the un i t price of output and P is the unit price of the 
water. It must be noted that 5 and N are treated as having impacts on 
productivity of water and therefore as a shift parameter of marginal 
dema nd function of water . 
This analysis can be supp l emented with a graphica l exposition as 
in Figure 3. In Figure 3, we can see that when the quantity of water 
i s the value of margina l product of water is P1 with 51, and P2 with 
52. 
Product i vity py 
of last unit 
of 1~a te r 
2 Px·~1P 1 *(K,Y,5 1 , N) 
Px· r1P 2* (K, Y, 52, N) 
Total quantity 
of water used 
Figure 3. The margi nal va l ue of additional uni t of water 
(hypot hetical ). 
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If we treat this demand curve as a marginal social value function 
of water, the direction of movement of the demand function will provide 
us information on the change of marginal soc ial value of agricultural 
water caused by the change in water quality. This analysis indicates 
that we must consider the movement of the water-value curve of Figure 
due to the change of water quality of runoff from rangeland. 
In this case, the derived demand function for water can either 
shift up or down in equilibrium . This result is due to the producer's 
adjustments in response to the change of the s·al inity and/ or nutrients 
of water. Suppose a case where a farmer changes the cropping pattern, 
and/or cultivation practices such as increased fertilizer application 
in response to the cha nge of the water contents. This adjustment may 
l ead to either an increase or a decrease in the value of the marginal 
product of water. It is, therefore, important that farmer's responses 
be accurately identified and estimated for the va luation of water. The 
empiri cal studies ~1ould be needed to estimate any change in factor and 
resultant farm income. 
Demand for Domestic and Industrial Use : Assuming that the res-
ponse of water producer for domestic and industrial use is to treat the 
water to raise it to a quality l eve l appropriate to its planned use, 
the increment to treatment cost that resu lts because of sediment con-
tent of water represents a damage cost to society. 
viater quality deterioration due to grazing-sedimentation may re-
sult in an increase in the cost of treatment to municipal water supply 
plants since turbidity, which can be related to suspended sediment, has 
been indicated as an important parameter in determining the degree of 
treatment (Jacobs & Timmons, 1974). This increase in treatment cost is 
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a damage to soc iety. 
Increased treatment costs associated with incremental increase in 
suspended sediment can be calculated in two steps . The first step is 
to estimate increased construction costs associated with changes in the 
average level of suspended sediment. Other treatment costs associated 
with an incremental increase in suspended sediment are the chemical 
costs . To derive the change in these costs, records on turbidity and 
chem ica l dosages can be analyzed for those items Vlhich are shown to be 
s ignifica ntl y related to turbidity. 
Dema nd for Recreational and Aesthetic Use : Deterioration of water 
quality of downstream and reservoir ca used by grazing activities may 
have impacts on the recreational and aesthetic use of water such as 
swimm ing, fishing and boating. That is, recreational and aesthetic use 
of water will be sensitive tci the clarity of the water. Furthermore, 
if sediment increases thi s may cause a reduction in the fi sh popu lat ion 
which would decrease the recreational benefits of sports angling. 
However, empirical stt;dies by wildlife or fisheries bi ologists are 
needed to estimate the effects of sediment on wi l dlife/fisheries 
popu l at ion s. 
The conceptual basis for defining and measuri ng the benefit of 
improved water qua li ty for recreation use i ' shown in Fi gure 4. 
At an average price or direct cost of A, the va l ue of the recrea-
tion, given the initial water use , i s consumer surplus measured by the 
area ABC. Hith improved water qua l ity, the net economic benefit is 
measured as the area BCED. Area BCFD is the benefit of improved water 
quality to those who were using the site before water quality improved, 
and area CEF is the benefit associated with the increased rate of use . 
Willingness to pay 
:~, 
1~ K Demand with improved water quality 
: ~~without improved water quality 
o1 o2 Recreat10n days 
Figure 4. Shift in demand curve with improved water quality . 
Three methods have been recommended for use by the U.S. Water 
Resource Counci l (1979) as provid ing acceptabl e economic measures of 
recreation benefits of environmental change. First, the travel cost 
approach to the estimation of demand for recreation use has been pre -
ferred by most economists, since it is based on observed market beha-
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vior of a cross-section of users in response to out-of-pocket and time 
cost of trave l and other variables such as 1vater quality. The basic 
assumption of this approach is that increased access costs assoc i ated 
with distance will tend to affect recreation visits in the same manner 
as an increase in acce ss cost resulting from a rise in the admission 
fee. Second, the contingent va l ue approach relies on the sta ted inten-
tions of a cross section of the affected popu l ation to pay for an en-
vironmental amenity contingent on hypothetical changes. The va lue 
reported is ass umed to correspond to the point of indifference between 
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having that amount of income and the environmental amenity. The third 
approach, unit day values are se l ected from a range of values approved 
by the Council and other agencies . Initially based on a survey of 
entrance fees at private recreation areas in 1960 , unit day values have 
been adjusted for changes in the Consumer Price Index to the present. 
The unit day va lue approach may be used if application of the travel 
cost or contingent va l ue methods would exceed planning budget con-
straints and the project is small with fewer than 500,000 recreation 
days per year (Loomis & Walsh, 1982). 
Stevens (1966) developed a methodology for estimating direct 
recreational benefi ts from water pol lu tion control through a method of 
biological and behavioral relationships involved in sports an9ling in 
Yaquina Bay, Oregon. He first estimated demand equations for a speci-
fic type of fishing t hrough use of the travel cost methods. These esti- · 
mated demand 0quations were taken to hold for existing environmental 
qualities . A change in environmental quality was assumed to result in 
an altered level of fishing success . To determi ne how the l evel of 
success al tered the demand function, anglers in each distance-income 
category were asked how many days they wou ld have fished if each of a 
series of six hypothetica l success levels had existed. The results 
allowed a set of regressions of the indicated number of days fished on 
the hypothetical success l evel and the number of days actual ly fished. 
From these regressions, success el asticities were estimated. These 
results were used to determine demand curves shifts. Once estimates 
for two demand curves are available, the benefits of the higher qual-
ity wa s estimated by the difference of area beh~een under these two 
demand curves. 
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However, the ·art of water qua lity benefit estimation is still in 
its infancy. Attempts to-date to measure recreation benefits have 
relied on the Hotelling-Knetsch-Clawson travel cost approach. Although 
numerous models exist in the literature, none as yet can be considered 
truly satisfactory (Schneider, 1978; Freeman, 1979). 
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CHAPTER V 
AN Et~PIRICAL ANALYSIS 
Introduction 
The major concern of the empirical part of this study is to esti-
mate the social costs and benefits associated with grazing and it s 
impact on a selected study area . It therefore represents an empirical 
application of the theoretical procedures outlined in the previous 
chapter. It sho uld be remembered, however, that all of the impacts out-
lined cannot be evaluated. For example, est imation of onsite damage 
from soi l depletion is beyond the scope of the present empirica l anal-
ysis. This stems from the fact that it is currentl y not possible to 
emp i rica ll y estimate ongoing so il loss, and the relationships between 
soil los s and rangeland productivity are not well defined (Wight & 
Collis , 1981). As a result, this empirical analysis will focus on the 
benefits and costs of graz ing and the associated change of water runoff 
and sediment yields. Furthermore, it must be acknowledged that there 
is insufficient knowledge and data regarding the impact of the hydrolo-
gic outputs on the aquatic and riparian env ironment, and its resultant 
influence on the utility of users of the envi ronmental serv~ces. There-
fore, this ana lysis will be confined to the outputs and impa cts which 
are meas urable. These include augmented water runoff, increased sedi-
mentati ons and livestock gains for which data are availabl e. A brief 
descriotion of the study area and the model (S imulation of Production 
and Uti li zation of Rangelands: SPUR) ~1 hi ch will simulate th;: hydrologic 
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processes of the study area is in order. 
The Stud y Site 
Choice of Site 
A simu lation model that simulates and integrates the key physical 
and biological processes should undergo rigorous testing and validation 
under a wide range of resource and management cond i tio ns before it can 
be relied upon to sat i sfactori l y simulate management alternatives. 
Furthermore, application of the SPUR model requires a large amount of 
input data. As a result, the main consideration for selecting a study 
area was the ava il abili ty of data required for the 
app l ication of the SPUR model. The Lucky Hills Watershed 
on the Walnut Gu lch Experimental Watershed near Tombstone, Arizona was 
ideal for this empir i cal st udy in the sense that the comparison of the 
SPUR model s imulated values with ava il able observed data from this area 
was already performed, and usable input data for the SPUR model was 
ava il able. 
Figure 5 illustrates the features of t he study area (known locally 
as the Lucky Hills Waters hed s) on Walnut Gulch. The watershed is con -
ceptua lized as one 9. 1-acre up land area di schargi ng to a 4000-foot long 
channel havi ng lateral contributing areas Ll {49.2 acres) and L2 (49. 7 
acres) or a total drainage of 108 acres in to a pond. 
Description of the Study Area* 
The \'alnut Gulch Exper i m!'! ntal Watershed is an ephemera l tributary 
of the San Pedro River in Southeastern Arizona. The watershed is 
* The information presented here was taken fr om Renard and Stone, 
{1 981 ) ~ nd USCJA-P,RS (1 983}. 
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Figure 5. Location map of the Lucky Hil ls watershed used i n the 
model evaluation. There are two l atera l areas (Ll-L2), 
one up land area (Ul}, one pond (Pl}, and a s ingle 
channel reac h. 
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typical of many intermountain alluvial basins. Elevations range from 
4200 to 6000 feet above sea level. Cover is a mixture of brush and 
grasses. Soi l s are typically ca lcareous with large amounts of gravel 
and cobbles. A gravel pavement can develop as the land surface erodes, 
and in some areas it repre sents nearly 100% of the cover. Precipita-
tion in the area, which averages about 11 . 5 inches per year , is domin-
ated by summer rainfall (a bout two-third s of the tot a 1 falls during the 
months of July, August and Septem ber) . These showers are primarily 
high-intensity, short-duration thunderstorms that also generally carry 
high sediment loads. l'inter storms are generally of greater area l 
extent and of lo11 intensity, so that runoff is uncommon. Table 1 con-
tains soi l data for the study area. Table 2 contains temperature and 
radiation for the study area. Table l and Table 2 represent the attri-
butes of the study area. 
Appl ication of SPUR Model to Study Area 
Description of SPUR Model*: SP~R i s a physically based rangeland 
simulation model which is composed of five basic components: l) cli-
mate; 2) hydrology; 3) plant; 4) animal (both domest ic and wildlife); 
and 5) economics. The objective of the SPUR model is to s imu late 
management impacts on rangelands. This requires dynamic linkages 
between the plant, animal component s and hydrology components that 
relect changes in plant cover and infiltration induced by cl i r.:atic 
var iables and management practices associated with livestock grazi ng. 
*The i nformation presented here was taken from USDA -ARS (1983). 
Tabl e 1 
Soil Data for the Lucky Hi 11 s Hatershed 
Soil l ayer parameters 
Layer 1 Layer 2 Layer 3 Layer 4 Layer 5 
Soi l po1·osity (in/ i n) 0.440 0.440 0.440 0.400 0.400 
Water at .3 bar (in/in) . 120 .120 .120 . 120 . 120 
Water at 15 bar (i n/ in) .045 .045 .045 .056 . 056 
Saturated condit ion (i n/hr) 
.500 .450 . 300 .300 .300 
Soil depth, accumu l at i ve (in) 
. 500 5.000 10.000 15.000 20.000 
Field capacity (i n) 
.037 .337 .375 .320 .320 
Maximum storage ( i n) 
. 1 97 1. 777 1. 975 1. 720 1. 720 
Layer 6 Layer 7 
0.400 0.400 
. 120 .120 
.056 .056 
.300 . 000 
22.500 25.000 
.160 .160 
.860 .860 
Layer 8 
0.400 
.120 
.056 
.300 
27.000 
. 128 
.688 
"' 0 
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Table 2 
Temperature and Radiation of the Lucky Hills Watershed 
Julian Temperature (OF) Radiation (L) date 
46.9 327 
12 46.0 341 
22 45.8 359 
35 46.1 390 
46 47 . 0 420 
56 48.5 451 
66 50.1 484 
110 61.3 628 
175 76.7 714 
185 77.8 707 
195 78.5 694 
205 78 .7 676 
215 78.7 653 
225 78.0 626 
235 76.7 596 
245 75.1 564 
300 61.4 388 
350 49.2 319 
360 47.8 322 
365 47.0 325 
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There are two versions of SPUR. The fi1·st is a grazing unit or 
pasture sca le version. The second version i s a basin sca l e version. 
The basin scale stresses the hydrologic component reso lution and res-
ponse, whereas the pasture scale provides for better resolution of the 
plant and livestock processes. The basin sca le version currently pro-
vides a mea ns of predicting quantities of runoff and sed iments yield 
for basi ns of up to 10 square miles with up to 27 hydrologic units 
(drainages adjacent to a channel). 
The hydrology component ca lculates upland surface runoff vo lumes, 
peakfl ow, snowmelt, upland sediment yield, channel streamflow and sedi-
ment, using daily precip itation, air temperuture, and so l ar radiation 
as input. Surface runoff is estimated by the SCS Curve Number proce -
dure, and soil l oss i s computed by the t1USLE . 
The Structure of the t1odel: The model can be set to either gen-
erate or read climat i c data. The plant rout ines add and subtract bio-
mass and nitrogen from various plant and so il compartments. The animal 
component is called from within the plant component. The computational 
structure of the hydrology component follows the stream channe l network 
from upland areas to the watershed outlet. Each exterior or pr imary 
channel receives runoff and sed iment from any combination of an upland 
and lateral flow areas. Interior or higher order channe l s can receive 
water and sediment from interchannel or lateral flow areas. Computa-
tion proceeds downstream until the watershed outlet is reached . 
For cli mate and day-to-day variations in weather, actual data from 
the site of interest can be used if they are avai lable; otherwi se, a 
routine can be used to genera te the needed inputs based on the statis-
tical character i stics of the actual weather at the l ocation. This 
stochastic weather generator allows a short climate record to be 
extended to simulate long-term weather data. 
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Interactions of Hydrology Component: The SPUR model mainta i ns a 
continuous water balance on a daily computational basis using the water 
balance equation (equation 4-12) described in Chapter IV. In ma intain-
ing a co ntinuous water balance, watersheds are subdivided to reflect 
different vegetation as well as factors such as soils, topography and 
stream morphology. In other words, runoff is computed for each sub-
area. The total runoff is obta ined by the water routed to the outlet 
of the basin. This surface runoff is estimated on a daily basis using 
the curve number method (equation 4-13 and 4-14) described in Chapter 
IV. Daily curve numbers are computed based on soil water storage. The 
so il mo i stu re changes between runoff events with estimates of evapo-
transpiration and percolation. 
The MUSLE (equation 4-16) as descr ibed ear lier is used in the 
SPUR model. The mode l assumes that the sediment coming into the pond 
with the inflow i s retained there. Thus, the outflow from the pond is 
assumed to be clear, and any water leav ing the pond thus picks up 
sediment again from the channel boundaries below the pond. 
Linkage between the upland an d channel processes is accomplished 
by taking runoff and sediment yi eld from the upland and l ateral flow 
areas as input to the channel syste~. The larger sediment part icles 
are assumed to travel as bedload, with sma ll part icles traveling as 
suspended sed iment. The distribution of sed iment i s represented by up 
to 10 part i c l es -size classes greater than 0.062 mm representing bedload, 
and one class of part icl es smaller than 0.062 mm representing suspended 
sediment. 
A sample of the output from the SPUR hydrology model is shown in 
Table 3. 
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Validation of the Mode l: A 17-year simu l ation with the SPUR hy-
drology component was performed to compare with actual data from the 
Lucky Hills watershed for 1961-81 (USDA-ARS, 1983) . The comparison 
between the predicted and observed runoff showed that the s lope of the 
regression line between simulated runoff and observed runoff is close 
to unity without 1975 data where the simulation ser iously underesti-
mates the observed runoff. A simu lated and actual sediment yie ld with 
the MUSLE relat ionship in SPUR showed a correlation coefficient of 
0. 92 and an intercept near zero with a slope of 1.1, which indicates 
a close relationship between fie ld-measured and simulated values. 
Weakness of the Model: The major wea kness of the SPUR model 
associated with this empirical study is that there is no direct linkage 
between the an imal and hydrologic components. The impact of graz ing 
reduces the leaf area of existing plants. These reductions impact 
evapotransp i rat ion, and subsequently the water balance. As a result, 
there are no lin kages between the plant, animal, and hydrology compon-
ents and cover factor in the MUS LE and the SCS curve numbers. Because 
of this limitation, the curve number was changed in the application of 
the model for the prediction of the hydrologic output with grazing 
alternatives, based on the assumption that this change reflects the 
impact of grazing alternatives on watershed behavior. 
Tabl e 3 
Sample Output from the Simulation with the SPUR Hydro l ogy Model on the 
108 -Acre Lucky Hills ~latershed Us i ng Measured Daily Precipitation 
Jan. Feb. Mar. Apr. May June Ju l y Aug. Sept. Oct. Nov. Dec. Year 
FIELDS 
Ra i nfa ll 0.580 0. 078 0. 231 0. 032 0.039 0.241 3.299 l. 904 1. 134 0.000 0.247 3.609 11 . 392 Infiltration . 580 .078 . 231 .032 .039 .241 3.069 1.480 1.109 . 000 . 247 3.237 10.340 Runoff .000 .000 .005 .000 . 000 .000 . 231 .424 .025 .000 .000 . 372 1. 052 
SOIL 
Return f l ow .000 .000 . 000 .000 . 000 .000 .000 .000 . 000 .000 .000 .000 .000 Soil evap . 913 .077 .224 .032 . 039 .031 l. 794 1. 292 1. 066 .000 .154 1. 382 7. 204 Pl ant evap .009 . 000 .007 .000 .000 .010 . 587 . 696 .222 .000 . 004 .1 05 1. 640 Deep perc .000 .000 . 000 .000 . 000 .000 .000 .000 .000 .000 .000 .000 .000 Storage .000 .000 . 000 .000 .000 .000 .688 . 179 .000 .000 .089 1.838 1.838 
CHANNE L 
Losses .000 .000 .005 . 000 . 000 . 000 .057 . 058 .016 .000 . 000 .077 .208 Runoff .000 .000 . 000 .000 . 000 . 000 . 173 .366 . 009 .000 .000 .295 .844 Peak .0 .0 . 0 .0 .0 .0 32.6 76.2 2.0 .0 .0 31. 6 76.2 
SEDU1ENT 
Fi el d Sed iment .00 .00 . 03 .00 . 00 .00 19.37 40.66 l. 75 .00 .00 32 . 07 93.85 Silt -cl ay . 00 .00 . 00 .00 . 00 . 00 4. 06 12.36 . 08 .00 .00 7. 17 23.68 Bed load . 00 .DO . 00 .00 . 00 . 00 15.75 42.73 .29 .00 .00 27.89 86.66 
Note: Water = i nches peak f l ow= cfs; sedi mentation = tons. 1 acre -ft of water is 0.1 111 i nches over t he watershed. 
<.n 
<.n 
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Application of Methodology 
The application of the methodology outlined in the previous chapter 
to this empirical study followed a "with" versus a "without" analysis com-
mon to all cost-benefit analysis. The "without" condition is the most 
1 ikely condition expected to exist in the future in the absence of the plan-
ned grazingonthe studyarea. The"with"conditionisthemost likely con-
dition expected to exist in the future with grazing plan under consideration. 
This cost-benefit analysis is to evaluate a watershed practice based on a 
discrete static analysis instead of a continuous dynamic maximization which 
was presented in the previous chapter. It therefore represents measuring 
the social costs and benefits at one point of the forage utilization as sug-
gested in Figure 2. A 50-year time horizon was decided for this study. 
This period of analysis will capture most of the present value of differ-
ent time streams of future benefits and costs because of discounting used 
to convert future monetary va 1 ues to present va 1 ues. A rea 1 discount 
rate of 7 percent was also selected for this study. Thisisbasedonthe 
assumption that the average nominal rate of return on outstanding long-
term federal debt approximates the real discount rate. 
The "without" condition for a 50-year time horizon was simulated 
using the SPUR model. This base run produced the natural hydrologic 
outputs in the absence of grazing animals on the study area. This nat-
ural hydrologic outputs were compared to "with" grazing condition which 
was also simulated using the SPUR model. The outputs from the model 
include water runoff, sediment yields and livestock gains on a monthly 
basis. Changes of water runoff and sediment yields with and without 
grazing were then predicted. These computer runs of the SPUR model were 
done using the input data shown in the Appendix. A summary of these 
input data is shown in Table 4. 
Table 4 
Parametric Values Input for Lucky Hills Hatershed in the SPUR Hydro l ogy Model 
Parameter Units Field Identification 
4 
Field type upland 1 atera 1 l atera l lateral 
Soi 1 1 ayers number 8 8 8 8 
Field area acres 3 .2 2.8 3. 1 49.2 
Curve number* 85 (90) 86 (90) 86 (90) 86 (90) 
Return flow time days 100 100 100 100 
MUSLE Parameters 
K 0.10 0.10 0.10 0.10 
c 0.05 0 . 13 0.05 0.13 p 1.00 l. 00 l. 00 l. 00 
LS l. 30 1. 30 . l. 30 l. 30 
* Curve number 90 was applied with 20 yearling steers. 
1 atera 1 
8 
49 .7 
86 (90) 
100 
0 . 10 
0.05 
l. 00 
l. 30 
U"> 
...... 
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l<ater Runoff 
Est i mation of Water Runoff: Water runoff was predi cted using the 
cl imatic data generated with the same statistica l characteristics as 
the actual weather at the study are a. The SPUR hydrology model is 
desig ne d to use the Soil Conservation Se rvice curve number proced ure to 
est imate s urface runoff. As outlined in the previous chapter, thi s pro -
cedure is the most widely used method of ca lcul ating direct runoff 
volumes. The natural water runoff in the absence of grazing was calcu-
lated using curve numbers shown in Table 4. The se curve numbers 
have been t es ted and va lidated as menti oned earlier. Therefore, 
the pre dict i on of the nat ural water runoff provided a reliable basis for 
compa ring other watershed practices. However, the predicti on of water 
runoff with grazing posed some difficult i es . As mentioned earlier, the 
SPUR mod el does not include the feedback mech anism relating the effects 
of an imal grazing and vegetation to curve numbers. The relationships 
between livestock trampling and species composition and their impact on 
curv e numbers in a particular so i l type are cu rrently not known. As a 
resu lt, the curve numbers were artificially changed t o 90 for the pre-
dict ion of water runoff with grazing under the presumption that grazing 
twenty year ling steers on the study area would change the waterh sed 
co ndi ti ons affecting the calculation of Curve Number . 
The runoffs with and without grazing are shown in Tab le 5. The 
output from the model shows that the run off takes pl ace primarily dur ing 
the three month summer peri od (Ju l y - September ). This is al so one of 
the pe r iods whe n wate r is needed fo r agri cultura l uses. The figures 
presented in the table show the amounts of water l eav in g the study area. 
Since the quantit ies of the runoff with grazing from the simulation 
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Tabl e 5 
Estimated Quantities of Water Runoff vJith and t.Jithout 
Grazing on the Lucky Hills vJatershed Using 
Ge nerated Daily Prec i pitation for 50 Years 
Natural Runoff Ru noff wi th Runoff inc rease Runoff increase 
without gr az ing graz i ng from wit h graz ing wi th an ass umed 
from the simu- the simula- 30% i ncrease 
Years 1 ation with the t i on ~l i th the (2) - (1) with grazing 
SPUR mode l SPUR mode l (1 ) X 1. 3 
{1) (inc hes) {2) (inc hes) (ac/ft) (ac/ft) 
1 1.704 2 . 781 9. 78 4 . 64 
2 .282 .576 2.67 0. 77 
3 .803 1. 477 6. 12 2 . 19 
4 . 562 1 .131 5. 17 1. 53 
5 . 361 .667 2.78 0. 98 
6 .226 . 516 2.63 0.62 
7 . 83 1 .478 5.89 2.26 
8 1. 53 2.525 9. 04 4 .1 7 
9 2.459 3.655 10.86 6.70 
10 . 596 1 . 127 4.82 1.62 
11 1 . 11 2 2.006 8. 12 3. 03 
12 .696 1 .442 6.78 1. 90 
13 1 .266 2. 16 8. 12 3.45 
14 .38 .833 4. 11 1. 04 
15 . 406 . 97 1 5. 13 1. 11 
16 1. 57 2. 759 10.80 4.28 
17 . 475 . 969 4.49 1. 29 
18 .403 . 913 4.63 1. 10 
19 1 . 036 1 . 704 6.07 2 .82 
20 .806 1. 575 6. 99 2.20 
21 . 371 . 694 2. 93 1. 01 
22 2 . 249 3. 32 9. 73 6.13 
23 . 977 1 .862 8. 04 2.66 
24 1 .441 2 .483 9. 46 3. 93 
25 1 .208 1. 967 6.89 3.29 
26 .382 . 698 2.87 1. 04 
27 1. 011 1 . 673 6. 01 2.75 
28 .413 . 797 3.49 1.13 
29 .521 1 . 235 6.49 1. 42 
30 1 . 643 2. 944 11 .82 4.48 
31 . 277 . 613 3.05 0.75 
32 .564 1 . 017 4. 11 1. 54 
33 1 . 076 1. 963 8 .06 2 . 93 
34 2. 955 4 . 133 10.70 8 . 05 
35 1 .853 2.803 8. 63 5. 05 
36 .317 . 627 2 .82 0.86 
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Table 5 (continued) 
Natura l Runoff Runoff with Runoff increase Runoff increase 
1vi thout grazing grazing from with grazing with an assumed 
from the simu- the simula- 30% increase 
Years lation with the tion with the (2) - (l) with grazing 
SPUR model SPUR model ( l) X l. 3 
(l) (inches) (2) (inches (ac/ft) (ac/ft) 
37 .233 .573 3.18 0.61 
38 1. 375 2. 24 7.86 3.75 
39 1.022 1. 807 7.13 2.78 
40 2.253 3.332 9.80 6.14 
41 .27 .627 3.24 0.74 
42 . 094 .368 2.49 0.26 
43 l. 171 2.001 7.54 3. 19 
44 . 549 l . 099 5.00 l. 50 
45 .493 .889 3.60 l. 34 
46 .477 l. 047 5.18 l. 30 
47 1.425 2.522 9. 96 3.88 
48 .722 1.628 8.23 l. 97 
49 .165 .477 2.83 0.45 
50 .275 .802 4. 79 0.75 
NOTE: l acre - ft of water is 0.1101 inches over the water shed. 
with the SPUR model was not rel ia ble due to the artificial change of 
the SCS curve number, an alternative specification of 30% increase in 
runoff with grazing is also shown in the table. This specification is 
bas ed on several studies carried ou t on the different types of range-
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lands as noted in the literature review Sharp et al., 1964; Lu sby, 1970 ). 
Valuation of Water Runoff: The water market in Arizona is not 
competitive. Some users pump water from their own wells . Elsewhere , 
there may be a large number of buyers, but generally each buyer is 
dependent on on l y one seller. The suppliers of water in Arizona are 
dominated by municipalities, a few local public water developing organ -
izations of water users, and a few privately owned firms operating 
under public utility regulations (Brown, 1982). As a result, the va lue 
of increased water runoff must be der ived . There have been several 
studies that were designed to estimate the demand for water in Ar izona 
(e.g . Ke l so , ~1artin & ~1ack, 1973). Kelso et al. (1973) estimated 
the dema nd for irrigation water in Arizona through the use of linear 
programmi ng. They estimated the marginal va lue of v1ater for irrigation 
(1966) at $8.25 per ac re-foot on the are a where the study site is l oca-
ted. Hibbert, Davis and Crown (1975) presented an economic analysis of 
convers i on on Nat i onal Forest lands within the Salt -Verde drainage 
basin in Arizona, in which the extra water was valued at an average of 
$12.50 per acre-foot. The increased water ru noff was assumed to be $10 
per acre -foot for this empirical study. This value of increased water 
coming from the study area is based on the ava ilable s tudie s described 
above , which used the linear programming method. 
Net present value of Increa sed Water Runoff: The net present 
values of increased runoff with differen t value of water and discount 
rates are shown in Ta ble 6. In estimating the net present value of 
increased water, two assumptions were made. First, all increased run-
off leaving the watershed will be used for increasing agricultural pro -
duction. Second, the real value of water in the area will not change 
Discount 
Table 6 
Net Present Value of Augmented l·/3ter Runoff with Grazing 
on the Lucky Hills t~atershed Using Data of Table 
Net present value 
of augmented water 
fr om the simulation 
with the SPUR mode l 
($) 
Va 1 ue of water 
Net present value of 
augmented water wit h 
an assumed 30% increase 
with graz in g. 
($) 
Value of water 
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rate (%) 8$AC/FT 1 O$AC/ FT 12$AC/ FT 8$AC/ FT 1 O$AC/FT 12$AC/FT 
5 2487.45 3109.32 3731. 10 987.00 1233.74 1480.49 
7 684.22 855.28 1026.34 273.41 341.77 410.12 
10 487.47 609.33 731.20 194.82 243.52 292.23 
12 406.05 507.56 609 . 07 162 .40 202 . 99 243.59 
over the long run . 
Sediment Yield 
Estimation of Sediment Yield: Sediment was predicted using the 
climatic data generated with the same statistical characteristics as 
the actual weather at the study area. The SPUR hydrology model is de -
signed to use the Modified Universa l Soil Loss Equation for the compu-
tation of soil loss . The natural sediment yie l d in the abs ence of 
grazi ng was calculated using parametric values shown in Tab le 4. The se 
parametric values have already been tested and validated as mentioned 
earlier. Therefore, the prediction of the natural sediment yield 
provided a re li able basis for comparing other watershed practices. 
However, the prediction of sediment yield with grazing has posed a 
difficulty. As described in the previous chapter (equation 4- 16), 
MUSLE in cludes factors such as runoff volume and cover (c) factor . The 
SPUR model does not in clude the feedback mechanism relating the effects 
of grazing to SCS curve numbers and the C-factor of the MUSLE. These 
relationships are currently not known. As a result, the cha nge of sedi-
me nt yie l d with grazing was affected only by the increased water runoff 
with grazing. 
The sediment yield with and without grazing are shown in Table 7. 
The figures in Table 7 are the total of both bedload and silt-clay, and 
represent the amounts of sediment leavin g the watershed. Since the 
quantities of the sediment yie ld with grazing from the simu l ation with 
the SPUR model was not reliable due to the art ificial change of the SCS 
curve numbers, an alternative specification of 45% increase in sediment 
yield with grazing i s also shown in the table. This specification is 
Years 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
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Table 7 
Estimated Qua nt ity of Sedi ment Yield wi th and 
without Grazing on the Lucky Hil l s Watershed 
Using Generated Daily Prec i pitation for 50 rears. 
Natura l sediment 
without grazing 
from the simulation 
with the SPUR 
mode l (tons) 
276.75 
45.42 
133.39 
90.62 
59. 12 
34 . 00 
135.4.6 
259. 19 
370 . 63 
98.00 
183.99 
108.37 
212.80 
58.42 
57.71 
260.36 
75.30 
59.43 
178 . 03 
128.42 
63.00 
374.94 
155.22 
238.07 
203.89 
62.38 
166 . 90 
68.47 
77 . 09 
272.07 
42.70 
93.72 
177 .94 
486 . 33 
308 . 98 
52 .67 
33.85 
234.33 
Sed iment with 
grazi ng from the 
simulation with the 
SPUR mode 1 (tons) 
449.62 
94 . 60 
246.55 
183.95 
111. 41 
81 . 03 
244.03 
428 . 74 
547 . 09 
185.62 
333.56 
233.29 
360.66 
129.31 
152.61 
460.72 
159 . 96 
145.53 
287.33 
260.08 
11 3. 14 
547.57 
309 .62 
415.36 
329.38 
115. 84 
272.49 
128.93 
192.31 
493.14 
96.16 
170 .58 
326.91 
669.74 
465.30 
99.98 
87.12 
372. 65 
Sed iment wi th 
an assumed 45% 
increase with 
grazing (tons) 
401.29 
65.86 
193 . 42 
131.40 
85 . 72 
49.30 
196.42 
375.83 
537.41 
142. 10 
266.79 
157. 14 
308. 56 
84.71 
83.68 
377.52 
109.19 
8fi.l7 
258.14 
186.21 
91 .35 
543. 66 
225.07 
345.20 
295.64 
90.45 
242.01 
99.28 
111 .78 
394.50 
61.92 
135.89 
258.01 
705 . 18 
448.02 
76.37 
49.08 
33 9. 78 
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Table 7 (continued) 
Natural sediment Sediment with Sediment with 
without grazing gruzigg from the an assumed 45% 
Years from the simulation simulation with the increas with 
with the SPUR SPUR model (tons) grazing (tons) 
model (tons) 
39 170. 19 304.38 246.78 
40 381.37 555.66 552. 99 
41 38. 98 98.27 56.52 
42 12.78 50.09 18.53 
43 196.07 338.40 284.30 
44 87.44 180.47 126 . 79 
45 81.98 146.71 118.87 
46 71.48 167 . 39 103 . 65 
47 232. 94 427.38 337.76 
48 102.27 258.20 155.54 
49 23.81 70 . 31 34.52 
50 36.37 119.98 52.74 
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based on several studies carried out on the different t ypes of range-
lands as noted in the literature review (Sharp et al., 1964; Lusby, 1970) . 
Valuation of Sediment Yield: The SPUR model assumes that the 
sed iment coming into the pond with the inflow is retained there, and 
thus the outflow from the pond is clear. As mentioned earlier, the 
study area has a pond at the outlet of the channel. Therefore, the 
possible offsite damage associated with changes in water quality of 
downstream was assumed to be zero. The increase in dredging costs of 
the pond represents the social costs assoc iated with grazing. The pond 
vo lume in the model is designed to be one acre-foot. 
For the estimation of damage costs, the pond is assumed to be ex-
cavated at the time when two-thirds of the pond is filled with sediment 
in the absence of grazing. In the case of graz ing , it is ass umed to 
be excavated when half of the pond is filled with sediment. Thi s as-
sum pt ion is based on the fact that the pond should supply a reliable 
source of water for grazing animals. In the ca l cu l ation of how often 
the pond is dredged, a conversion factor of 12.09 cubic feet per ton of 
sediment i s used, assuming that sediment has a density of 2.65 gram per 
cubic centimeter. The excavation years with and without grazing are 
shown in Table 8. 
An excavat i on cost of $2,000 per 1,000 cubic yard was taken from 
1983 average Utah costs of Flat Rate Schedule (USDA -SCS, 1983). The 
Flat Rate Sc hedule provides a guide for standardized cost informatio n 
for Utah conservation practices. Thi s information is widely used for 
the comparison of alternative conservat ion practices and resource 
management systems. 
Table 8 
Excavation Years for a Pond at the Out let of 
the Channel of Lucky Hills Watershed with and 
without Grazing Using Data of Table 7. 
Excavation of sediment 
without grazing 
Excavation of sediment with 
grazing (from SPUR model ) 
Excavation of sediment with an 
assumed 45% increase with grazing 
Years to be excavated 
16, 33' 48 
8, 14, 21' 27' 34, 40, 50 
8, 17, 24, 33, 39, 50 
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Net Present Value of Excavation Costs: The net present values of 
excavation costs for a pond v1ith and without grazing using different 
discount rates are shovm in Tabl e 9. In estimati ng the net present 
values of excavat ion costs, the real cost of excavation was assumed 
not to cha nge over the l ong run. 
Graz i nq 
Estimat ion of Livestock Ga ins: The SPUR li vestock model operates 
on a yearling steer equivalent basis. The steer weight is set back to 
its initial condition at the beginning of each season of use. The 
livestock model operates at the pasture scale and, as such, only one 
pasture can be modeled at a time. Therefore, the li vestock product i on 
canno t be simu l ated throughout the year. As a resu lt , the predicti on 
of li vestock gains for this st udy was made by grazing twenty yearling 
steers that weigh 270 Kg each for a three mont h period starting on 
July l every year. This is based on the assumption that 42 AUt1s* (20 
an i ma l s x 0.7 AUM/anima l x 3 mont hs) at 108 acres of rangeland i s a 
nor~ l pract ice in a s ite similar to the study area. Prediction of 
forage for the li vestock is generated by the SPUR pl ant growth model. 
Plant species incl uded in the mode l are warm season grasses, warm sea -
son barbs and shrubs. The livestock gains predicted by the mode l are 
shown in Table 10. The figures presented in the table show the weight 
ga in of a yearling steer. The weight gain is calculated by the 
differences of weight for the three mo nth per iod. 
* Anima l Unit Month (.~UM): The amount of forage necessary for 
the sustenance of one mature cow or it s equivalent for a per i od of one 
month. Conversion factor for yea rling from 17 to 22 months is 0.7 
(American Society of Range Management, 1964 ). 
69 
Table 9 
Net Present Value of Excavation Costs for a Pond 
at the Outlet of Channel of the Lucky Hills fiater-
shed with and without Grazing Using Data of Table 8. 
Discount rate (%) 
10 12 
Excavation cost ($) 1621 :39 1042.40 582 . 64 411.12 
without grazing (1) 
Excavation cost ($) 3594. 25 2537 . 60 1630.75 1263.58 
with grazing (2) 
Excavation cost ($) 2999.26 2110.40 1357 . 75 1055. 97 
with 45% increase in 
sediment with grazing 
Increase in excavation 1 972.88 1495 .20 1048.11 852.46 
cost (2) - ( 1) 
Increase in 1377.89 1068 .00 775.11 644.85 
excavation cost 
(3) - (1) 
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Table 10 
Livestock Gains ofaYearling Steer from the Simulation 
with the SPUR Hodel on the Lucky Hil l \.Jatershed with 
Twenty Yearl ing Steers 
Year Weight after Net increase in Year Weight after Net increase in 
three months weight for three three mo nths weight for three 
(kg) mon t hs (kg) (kg) mont hs (kg) 
l 316.40 l 02.30 26 273.17 6. 99 
2 271. 15 2.54 27 273.57 7.87 
3 278.29 18.28 28 284.47 31.90 
4 275.82 12.83 29 272.70 5. 95 
5 284.36 31.66 30 286.1 1 35.52 
6 273.76 8 . 29 31 272. 10 4. 63 
7 276.91 15.24 32 273.68 8.11 
8 285.50 34.17 33 270.35 0. 77 
9 291.73 47 . 91 34 271 . 02 2.25 
10 270.80 1.77 35 271.51 3.33 
ll 273 .43 7. 56 36 270.56 1.24 
12 290. 14 44.40 37 279.36 20.64 
13 272.51 5. 54 38 277 . 75 17.09 
14 273.31 7. 30 39 273.96 8. 73 
15 279.43 20.79 40 270.21 0.46 
16 285 . 52 34.22 41 283.20 29.14 
17 275 . 96 13. 14 42 273.94 8 . 69 
18 271.04 2.29 43 271 . 23 2. 71 
19 274.45 9.1ll 44 273.57 7.87 
20 294.74 54.54 45 288.26 40.26 
21 273.96 8.73 46 283.37 29.48 
22 274.49 9.90 47 272.51 5.54 
23 273.87 8.53 48 286.28 35.89 
24 287.93 39.53 49 272.70 5. 95 
25 283.93 30.71 50 273.43 7.56 
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Valuation of livestock Gains: The gross marg ina l value of l ive-
stock gain was estimated at $0 .65 per pound. This va l ue was ca l culated 
by the three-year average for the period 1981-1983, using California 
feedlot and range sales simple average prices by grade (USDA-Market 
News Branch, 1983). The basis of using the market price is that the 
livestock market is competitive, not only in Arizona, but throughout 
the United States. livestock are so ld both by auction and directly 
from the ranches. There are large numbers of buyers and sel lers . 
Therefore, the market price of livestock was considered a good estimate 
of the gross unit value. For the estimation of net marg inal va lue of 
livestock ga in, grazing cost was assumed to be $12 per yearling steer 
for three months. This value is based on a study by Brown (1982). 
Brown {1982) estimated variable cost at $9 . 34 per AUt~ using central 
Arizona ranch budgets. 
Net Present Value of l ivestock Gai ns: The net present va lue of 
livestock ga i ns with different grazing costs and discount rates are 
shown in Table 11. Here, the real net va lue of livestock gains was 
assumed not to change over the long run. 
Cost-Benefit Analysis 
Using the cost and benefit information provided in the previous 
sections, two measures of worth resu lting from grazi ng on the lucky 
Hill watershed were ca lcul ated; namely, the net present value and the 
benefit-cost ratio. These are shown in Table 12. On the benefit side, 
increased water runoff and li vestock ga ins are included. Increased 
pond excavation cost with grazing is estimated as a social cost. Table 
12 shows that grazing on the study area yields a benefit-cost ratio of 
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Table 11 
Net Present Value of Livestock Gains from the Simulation 
with the SPUR Mode l on the Lucky Hills Watershed 
with Twenty Yearling Steers 
10 12 
NPV of li vestoc k 
ga in 1~ith $5 3,348.60 2807.45 2,290 . 08 2,056.60 
graz ing cost ($) 
NPV of l ivestock 
gain with $10 1,431 . 72 
grazing cost ($)* 
1,330 . 67 1, 199.45 1 ,126.49 
NPV of li vestock 
gain with $12 664.97 739,99 763.19 754 .45 
grazi ng cost ($ )* 
NPV of l ivestock 
gain with $13 281.66 444.66 545.07 568.43 
grazing cost ($)* 
* per yea rling steer 
73 
Table 12 
Cost-Benefit Analys i s of Graz i ng on the Lucky Hills 
Watershed Using 7% Discount Rate 
Augmented water 
runoff ($10 Ac/ft) 
Livestock gain with 
$12 grazing cost per 
yearling steer 
Total 
Increase in 
excavation cost 
for a pond 
Net Benefit ( $) 
B/C Rat io 
Present va l ue 
prediction from 
SPUR mode l 
Benefit ($) 
855.28 
739.99 
1,595.27 
Cost ($) 
1,495.20 
100 . 07 
1. 07 
Present value 
pred ict ion from 30% 
runoff increase and 
45% sediment increase 
341.77 
1,081.76 
1 ,068. 00 
13.76 
1. 01 
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l .07 at t he ?-percent discount rate. The results of this ana l ys i s de-
monstrate that grazi ng on this watershed can be economically justified 
even when t he impacts of grazing on the watershed are taken into account. 
It suggests that an economic tradeoff exists between the downstream 
benefit s of augmented water runoff and the costs of th e physical remov -
al of deposited sedi ment . 
The provisional nature of the results must be ca lled to attenti on. 
This analysis was not an attempt to provide acc urate estimates of both 
the change of the hydrologic output s and their valuation as a result 
of grazing . Rather it was an attempt t o undertake a partial ana lys i s 
given the state of the art i n both the physical process and econom ics 
areas . There appear to be a number of i ssues that merit further con-
sideration . These include the valuation of the reduced onsite soi l 
producti vity and the opportunity costs imposed on individual s who wish 
to ma intai n ra nge l and ecosyst ems. Furthermore , some of the subtl e 
influences of increased hydrologic outputs on the aquatic and riparian 
env ironment are currently not well known. The co ns iderat ion of these 
issues with reasonably reliable informat ion may have influenced the 
result of this anal ys i s . However, until methods are developed for deal-
ing with these problems, a partial analysis of this type may nonethele ss 
be undertaken , and a provisional economic judgemen t can be reached. 
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CHAPTER VI 
POLICY IMPLICATIONS FOR RANGELAND t~ANAGEMENT 
The results of this study are site-specific and are not defini-
tive. The outcome cou ld vary greatly for different soils, plant spe -
cies, precipitation zones, and grazing systems. 
In particular, in view of the fact that prediction capabilities 
of avai l able hydro l ogic models for rangel and watershed behavior are 
poor, it is difficult, at the present time to make definite policy 
decisions on rangeland management. Any type of public policy such as 
a tax-subsidy system or determination of soil loss toleranc e values 
for rangeland management would have to be based on a defensible mea-
surement of the costs and benefit s of alternative po l icies on a parti-
cu l ar rangeland. At the present time, little can be said concerning 
public pol icy on rangeland watershed practices. The first step towards 
improving the situation should be to deve l op hydrologic model s that 
can be used for alternative rangeland management policies. 
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CHAPTER VII 
SU~1MARY OF THE STUDY AND CONCLUSION 
A theoretical analysis for estimating the social costs and benefits 
associated with the impact of grazing on rangeland watersheds has been 
made in this study. A dynamic social maximization model i s used to 
derive an opt imal uti l ization of forage by grazing, where forage utili-
zation is treated as a decision variable and the hydrologic outputs of 
water and sed iment are considered as a possible impact resulting from 
grazi ng. 
Measurement of the social benefits and costs associated with water-
shed practices poses two major difficu lti es. First, the functional 
re l ationships between grazing animals and its impacts on water and 
sed iment yie ld must be quantified. Seco ndl y , values for changes in 
these products from 11atershed must be determined. A modelling approach 
to predict the quantities of water runoff and sediment yield from 
watersheds was employed. A water ba l ance equation and a curve number 
procedure were used to predict water runoff. For the prediction of 
so il loss and sed iment yie lds, the Universa l Soil Loss Equation (USLE) 
and the t1odified Universal Soi l Lo ss Equat i on (MUSLE) were utilized. 
This modelling approach makes it possible to s imulate lon g-term impact 
of grazi ng on li vestock production, water runoff, and erosion. To 
integrate these predict ions on physical quant ities of erosion and run-
off into an economic framework, procedures for an economic valuation 
have been explored and presented. For the estimation of marg inal user 
cost of present soil mining, an erosion damage function is formulated. 
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For the va luation of the benefits associated with water runoff, several 
techniques currently available are analysed. The possible social dam-
age to be caused by sediment is examined by identifying possible forms 
of sedimentation at each point of the sediment movement. A preserva-
tion benefit associated with the use of fragile rangeland ecosystems is 
also explored. 
This theoretical analysis deals with the problems assocfated with 
watershed practices. It attempts to bridge the gap between the phys i-
ca lly based studies and economic analysis. It provides a comprehensive 
analytic framework to evaluate policy decisions on publicly administer-
ed rangelands. This analysis could be used to determine the optimal 
rate of the use of rangeland watersheds by domestic livestock because 
it integrated the possible onsite and offsite impact of watershed 
practices into an economic framework. 
Empirical ana lysis has been undertaken as an application of the 
methodology outlined in the theoretical analysis . It utilized the out-
puts generated from a simu l ation (SPUR) mode l . The outputs from the 
s imu l ation with the SPUR hydrology mode l include water runoff, sediment 
yields, and livestock gains. These outputs have provided the basis for 
a "with" versus "without" ana l ys i s common to all cost-benefit analysis. 
The ana lysis showed that grazi ng in a selected area for 50 years yielded 
a benefit-cost ratio of 1.07 {1 ivestock 9ains were $740; increased 
water runoff was $855 if va l ued at $10 ac/ft; but this was offset by an 
increase in pond dredging costs of $1 ,495). The results of this analy-
sis demonstrated that grazing on rangeland watershed was economically 
justified even when the impacts of grazing 6n the watershed were t aken 
into account. 
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The economic analysis of a watershed management is based on physi-
cal and biological information. As a result, the economic analysis is 
no better than the physica l and biological information upon which it is 
based . Dynamic 1 inkages between the plant, animal, and hydrologic be-
havior of watersheds are currently not well defined. There are al so 
insufficient data regarding the biophysical effects on the aquat i c and 
r i parian environment as a result of the change of hydrologic outputs . 
These are areas where further research by economists in co ll aboration 
with other scientist s i s required. In particular, a development of 
economic framework and methodology that defines both benefits from the 
aquatic and riparian environment, and how these benefits are estimated 
is needed. The benefits may include not only benefits of direct use 
of these environments, but also preservation benefits such as option 
and existence values. 
Unti l methods are fully developed for determining the change of 
watershed behavior and its biophysical effects as a result of water-
shed management practices, a partial ana lysis of this type can be under-
taken, and a provisional economic judgement can be reached. On the 
who l e, an improvement of the valuation of the change of watershed 
characteristics is an integral part of the public policy decision on 
rangeland management, such as deciding soil loss tolerance value and 
introducin g any type of tax-subsidy system which is favored by economic 
theory for dealing with externa lity-type problems. 
REFERENCES 
American Society of Range Management. A glossary of terms used in 
range management. Range Term Glossary Committee, Portland, 
Orego n, 1964. 
Arrow, K. J. & lind, R. C. 
investment decisions. 
378. 
Uncertainty and the evaluation of public 
American Eco nomic Review, 1970, 60, 364 -
Baumol, W. J. On the social rate of discount. America n Economic 
Review, 1968, 58, 788 - 802. 
M. K. Impact of grazing on 
79 
Black burn, W. H., Knight, R. W. & Wood, 
watersheds: a state of knowledge. 
Station. College Station, Texas: 
Texas Agri cul tura 1 Experiment 
The Texas A & M University 
Systems, 1981 . 
Branson , F. A., Gifford, G. F, Rena rd, K. G. Hadlry, R. F. Rangeland 
hydrology (2nd ed. ). De nver, Co l orado: Society for Ra nge Manage-
ment, 1981. 
Brown, T. C. Monetary value of timber, forage, and water yie l ds from 
public forest lands . General Tech ni cal Report RM-95. Washington, 
0. C. : USDA, 1 982. 
Bucha nan, J . M. & Stubblebine, H. C. Externality. Economica, 1962, 
~. 37 1- 384. 
Buckhouse, J. C. & Gifford, G. F. Water qua lity implications of catt l e 
grazi ng on a semiarid watershed in southeaste rn Utah. Journal of 
Range Management, 1976 , ~. 109-113. 
Burt , 0 . R. Farm level economics of soil conset·vation in Palouse area 
of the Northwest. American Journal of Agricultural Eco nomic s, 
1981, §, 83 -92 . 
Coas e, R. H. The problem of social cost. Journal of Law and Economics , 
1960, l· 1-44. 
Fisher, A. C., Kruti l la, J. V. & Ci ccheti, C. J . The economics of 
environmental preservation: a theoretical and empirical ana l ysis. 
American Economic Review, 1972, 62, 505 - 619. 
Fogel, M. T., Hekman, L. H. Jr. & Duckstein, L. Eva l uating hydrologic 
effects to ma nagement inputs to watershed systems. For presenta-
tion at the 1980 Summer Meeting-Americ~n Society of Agricultural 
Engineers. St . Joseph, Michigan, 1980 . 
80 
Freeman, A. M. III. The benefits of environmental improvement theory 
and practice. Baltimore, Maryland: Published for Resources for 
the Future Inc., by the Johns Hopkins University Press, 1979. 
Glymph, L. M. Evolving emphasis in sediment-yield predictions. In 
Present and prospective technology for predicting sediment yie lds 
and sources. vJashington, D.C.: USDA-Agricultural Research 
Services, ARS - 40, 1 975. 
Godfrey, E. B. Federal rangeland. In Proceedings - ranqe economics 
sympos1um and workshop. August 31 - Sep tember 2, 1982. Washington, 
D.C.: USDA-Forest Service . General Technical Report INT-149, 
1982. 
Greenley, D. A., Walsh, R. G. & Young, R. A. Option value: empirical 
evidence from a case study of recreation and water qua li ty. 
Quarter l y Journal of Economics, 198 1 , ~. 657-673. 
Guntermann, K. L., Lee, M. T . & Swanson, E. R. The off-site sediment 
damage function in selected Illinois watersheds. Journal o f 
Soil and Water Conservation, 1975, lQ, 219-225. 
Harberger, A. C. Three basic postulates for applied welfare economics: 
an interpretive essay. Journal of Economic Literature, 1971, .2_, 
785-797. 
Hawkins, R. H. & Gifford, G. F. Hydrologic impact of grazing systems 
on infiltration and runoff: deve l opment of a model. Utah Water 
Research Laboratory, Logan, Utah : Utah State University, 1979. 
Heady, E. 0 . & Hexem, R. W. Water production functions for irrigated 
agriculture. Ames, Iowa: Iowa State University Press, 1978. 
Hibbert, A. R., Dav i s, E. A. & Brown, T. C. Manageing chaparral for 
water a nd other resources in Arizona. In Watershed management. 
Proceedings of Symposium conducted by the Irrigati on & Drainage 
Division of the Amer i can Society of Civil Engineers. Logan, 
Utah, 1975. 
Hirsh l eifer, J. & Shapiro, D. L. The treatment of risk and uncertainty. 
In R. H. Haveman J. Margolis (Eds.), Public expenditures and 
policy analys i s. Chicago, Illinois: Markham Publishing Company, 
1970. 
Howe, C.\~. Natural resource economics. New York: John Wiley & Sons, 
1979. 
Jacobs, J. J. & Timmons, J . F. An economic analysis of agricultural 
land use practices to control water quality. American Journal of 
Agr icultura l Economics, 1974, ~. 791:798. 
81 
James, L. D. & Lee, R. R. Economics of water resources planning . 
New York: McGraw-Hill Publishers, 1971. 
Kelso, M. M., Martin W. E. & Mack, L. E. Water supplies and economic 
growth in an arid environment: an Arizona case study. Tucson, 
Arizona: The University of Arizona Press, 1973. 
Kneese, A. V. & Bower, B. T. Managing water quality: economics, tech-
nology, institutions . Ba ltimore, Maryland : Published for Resources 
for the Future, Inc., by The Johns Hopkins Press, 1968. 
Krut illa, J. V. Conservation reconsidered. American Eco nomic Review, 
1967, ~. 777-786. 
Loomis, J. B. & Walsh, R. G. Economic techniques for evaluating 
resource values and analyz in g impacts during BLM wilderness 
studies. >Jorkbook, Department of Economics . Fort Collins, 
Colorado: Colorado State University, 1982 . 
Lusby, G. C. Hydrologic and biotic effects of grazing vs. nongrazing 
near Grand Junction, Colorado. Journal of Range Mangement, 1970, 
£l, 253-260. 
Margolis, J. Shadow price for incorrect or nonexistent market values. 
In R. H. Haveman, & J. Margoli s (Eds.), Public expenditures and 
~~- Chicago, Illinois: Markham Publishing Co., 1970. 
,'1artin W. E., Tin ney, J. C. & Gum, R. L. A welfare economic analysis 
of the potential competition between hunting and cattle ranching. 
Western Journal of Agricultural Economics, 1978, ;!_ , 87 - 98. 
McKean, R. 
York : 
Efficiency in government through systems analysis. New 
John Wiley and Sons, 1958. 
McKean, R. N. The use of shadow prices. In S. B. Chase Jr. (Ed.), 
Problems in public expenditure. Washington, D.C.: The Brookings 
Institution, 1966 . 
Meade, J. E. External economies and diseconomies in a competitive 
situation. The Economic Journal, 1952, 62, 54-67 . 
Meehan, W. R. & Platto, W. S. Livestock grazing and the aquatic 
environment. Journa:!_of Soi~~ter ~servatio~, 1978, fl., 
274 - 278. 
Mishan, E. J. Cost-benefit analysis. New York: Praeger Publishers, 
1976. 
Porter, R. C. The new approach to wilderness preservation through 
benefit-cost analysis. Journal of Env.ironmental Eco nomics and 
Management, 1982, !. 59-80. 
Prest, A. B. & Turvey, R. Cost-benefit a nalysis : a survey. The 
Economic Journa 1, 1965, ]2, 683-735. 
82 
Randall, A. The problem of market failure. Natural Resources Journal, 
1983 , Q, 131-148 . 
Renard, K. G. & Stone, J. J. Sediment Yield from small semiarid range-
land watersheds. In Proceedings of the Workshop on Estimating 
Erosion and Sediment Yield on Rangeland. Tucson, Arizona. 
March 7- 9, 1981. USDA.ARS.ARM-W- 26. 
Schneider, R. R. 
framework . 
Planning diffuse pollution control : an analytic 
Water Resources Bulletin, 1978, val. 14, pp. 322-336. 
Sharp, A. L., Bond, J. J., Neuberger, J. W., Kuhlman, A. R. & Lewis, 
J . K. Runoff as affected by intensity of grazing on rangeland. 
Journal of Soil and Water Conservation, 1964, _l1, 103-106. 
Stevens, J. B. Recreation benefits from water pollution control. 
Water Resources Research, 1966, £, 167-182. 
Tihansky, D. P. Economic damages from residential use of mineralized 
water supply. Water Resources Research, 1974, lQ, 145-154 . 
Tramble, J . M., Renard, K. G. & Thatcher, A. P. 
three rangeland soil-vegetation complexes. 
Management, 1974, £!..., 31 8-321. 
Infiltration for 
Journal of Range 
U. S. Department of Agri culture-Agricu l tural Research Service. 
SPUR-simulation of production and uti li zation of rangelands: a 
rangeland model for management and research. Vlashington, D. C.: 
USDA, Misc. Publ. 143 1, 1983. 
U. S. Department of Agriculture-Market News Branch. Livestock and meat 
prices and receipts. Federal-State Market News Service. Washing-
ton, D.C.: USDA Agr i cult ural Market Service, 1983. 
U. S. Department of Agriculture-Soil Conservation Service. Fiel d office 
technical guide .. l 983 average Utah costs. Washington, D.C.: USDA, 
1983. 
U. S. Water Resources Council. Procedures for evaluation of national 
economic develo ment (NED) benefits and costs in water resources 
planning. Federa l Register 44:242 December 14, 1979, 950-965. 
Wade, J. C. & Heady, E. 0. Reply. Water Resources Rese a rch, 1979, .!2_, 
1281-1284. 
83 
l<al ker, D. J. A damage function to evaluate erosion control e co nom i cs. 
Ameri c an Journal of Agricultural Economics, 1982, 64, 690-698. 
Wight, J. R. & Co llis, J. L. Application of the soil l oss tolerance 
concept to rangelands. In Proceedings of the Workshop on 
Extimating Erosion and Sedime nt Yield on Rangeland. Tucson, 
Arizo na. March 7-9, 1981. Washington, D. C.: USDA.ARA.ARM-W-26. 
Wight, J. R. & Siddoway, F. H. Determinants of soil loss tolerance for 
range l a nds . In B. L. Schmidt (Ed.), Determinants of soi l l oss 
tolerance for rangelands. Washington, D.C.: ASA Special Publica-
tion No. 45, 1982. 
Williams, J. R. Testing the modified universal soil los s equation. 
In Proceedings of the Workshop on Estimating Erosion and Sediment 
Yiel d on Rangeland. Tucson, Arizona. March 7- 9 , 1981 , USDA.ARA. 
ARM-W- 26. 
Willig, R. D. Consumer surplus without apology. The American 
Economic Review, 1976, ~' 589 - 597. 
Wischmeier, W. H. Use and misuses of the universal soi l loss equation. 
Journal of Soil and ~later Conservation, 1976, 11_, 5-9. 
Workman , J. P. & Keith, J. E. Eco nomic aspects of erosion contro l 
practices in the upper Colorado River Basin. In Utah Academy of 
Sciences, Arts and Letters, Proceedings, 1974, va l. 51, Part 1 
pp. 102-108. 
84 
APPENDIX 
Fir;ST YE!=.R lQ62 NO YEARS 50 
~.0 CHANr·JE S 2 NO CROPS 3 
TOTtiL BA!::lr< t..REA <SUUARC: t'iiLESl 
APPRO X 111?-IE f""1EAN ANNU"'l RM!·Ji="A'....t ( !Nl 
.t.PPRQX It1.:t.T£ 11EAN ANNU.:.L RUNOFF i INJ 
F'RI!H S>HTCHES 0 0 0 0 0 1 
r'1EA N RUI~GFF DURATION COEFFI C I~NTS 
!':!:AN RUr·mfF VOLUME CO C.:TIC lENTS 
MEAN RUNOFF PEHK RATE COEFF! Clt.IH 
Input Data for Luck y Hi l ls Watershed 
for the Simulatio n with the SPUR Model 
0 1688 
11 5400 
0 8300 
0 . 7700 0 2000 
o 23oo - o 2ooo 
3 7500 
CHANNEL DIM2NSIONS TRANSMISSION LOSS COEFFS . HYDR L. CONDUCTIVITY 
C~Ai ·l POND NO OF C H~o\NNEL LlNio'..AGE REPORT N05 LEN(;TH WIDTH A).'W BXW FXW CHANNEL POND 
ID ID FIELDS IN I IN 2 OUT CHAN POND IMIJ \ FTJ CAC./FTJ <Hll ( JN/HRl CIN/HR J 
0 3 0 0 2 1 0 0 114 3 . 000 - 0 00105 0 . 99072 0 11381 2 . 000 0 000 
PO~O 
.; f; ~A 
u,:J 
0 0 0 0 
PA;;>Tt.:LE 
CL~\SS 
1 
" 'J 
POND VOL U1"1f;:5 
!NIT FULL 
IM.C /Ffl <AC / FTl 
0 0000 0 OJVO 
DJAt1ETER FRACIICN 
<MHl lN BCD 
0 0940 0 0570 
0 JS 30 0 1~?0 
0 3200 0 2 ·1) 0 
0 7500 0 ) 5':•0 
1' 5000 0 1570 
3 0000 0 11 30 
6 . 0000 0 . 0530 
12 0000 o. o:;;:o 
FIELD 
FI~i...D FIELD REPORT '* SOIL 
ro TYPE NO LA YERS 
1 l:?LAND 1 8 
CHANN!:: L S'J!3BASJN PARA!'\ETC:RS 
V.£41\1 OUR ME4N 'JOL f"iEAN Pt:AK 
CHRI CAC/FTI <IN/HRI 
0 32C '1 0 4 083 C l ~94 
AREA 
CAC J 
9 tOO 
f H·LO RC: 'fliRN 
CRO,;, (,REA CURVE FLOW T H1E 
NO (,:.c' NUf·t:lER 1 [}(· Y l 
3 200 85 00 100 . 00 
CHANNEL 
SLOPE 
0 0200 
ROUGHNESS MEDIAN FRACTI ON 
TOTAL WALL DIAMETER SILT ~ 
tSEC/FTu·( 1131 l <HMl CLAY 
o. 03oo a 0400 o 57oo o. o3so 
~lODIFIED USLE FACTORS FOR FIELD 
SOIL COVER CONTROL SL 
0 . 10 0 . 05 1. 00 1. 30 
SO IL LAYER ?IIIU\f'IET!:RS 
I LAYER 2 LAYER 3 LA.YER ·~ LtoYER 5 Lt,YER 6 LAYER 7 LAYER 8 LAYER 
SO:L POPOS ITY ( Irl / INJ 0 440 0 ol 40 0 •140 0 400 0 400 0 4 00 0 olQO 0 400 
t .:.rEP AT 3 llA.R ( !N ' INJ 0 !20 0 120 0 120 0 1:::'0 0. 120 0. 120 0 120 0 120 
.. o:.TE:P< .:..T 15 BAR I IrJ/INJ c 045 \) 045 0 ( .. ,5 0 0~!. 0 . 03~ 0 056 0 056 0 056 
2 . :.T'J;<:A.TED CGf-JO ( ltl/Hi'lJ 0 ~0\) 0 450 0 :.X·O 0 JQ;) 0 300 0 . 300 0 000 0 300 
SOiL C.::::PTH. ACC < !NJ · 0 500 5 oco 10 000 15 avo 20 000 22 5•JO 25 OC•O 27 000 
F i ::::LO C,.:., i~~C I TY ( iNJ 0 0·1.; 0 392 o .;Js 0 ::?80 o_ :;so 0 l~O 0 190 0 15=.' 
i'\hX Il·l'J•'\ STORAGE { l lJJ c. 204 t S3 Z' 2 o::s 1 780 1 7 20 0 e:90 0 890 0 7i2 
c.:.s 
15 0000 
<SEC/FT > 
co 
'-" 
FIE:...D 
FIELD FIELD REPORT 
ID TYPE t~O 
2 L.:.TE.RAL 2 
=:aIL PUP OS! TY ( IN / lNl 
l~f• TE.:R AT 3 D~R ( Ir·VJN) 
l~ATE.R AT 15 BAR ( I N! lNl 
SATURr•TEJj CONO ( IU / HR l 
SOIL DEPTH, ACC ( I Nl 
FIELD CAPACITY ( INl 
t"iA~. l i":Uf1 STORAGE ( Ir~) 
FELO 
FI::LO FIELD REPORT 
D TYPE NO 
3 LATERAL 3 
SO!l POROSITY < NIINJ 
I ~ATER .c. T 3 9AI:( ( N/ IN ) 
l-'.:O.TER .-..r 15 3AR ( N/INl 
S,t., TVR.:. TC:O COND I N / HR l 
SJIL [ •:;:? TH , ACC < l NJ 
FIELD CAPACITY ( INJ 
M:.. ·<' H1UM STORAGE ( I NJ 
4t SOIL CROP 
LAYERS NO 
8 
1 LA 'I'E~ 
It SOIL 
LAYERS 
8 
0 ilol.O 
0 120 
0 G45 
0 500 
0 500 
0 04 4 
0. ~04 
CROP 
NO 
1 L;..YER 
0 440 
0 :.20 
0 (A S 
0 500 
0 500 
0 044 
0 204 
Ci--iAhl POrJD NO c;;- CH~Nt-.:::L UN:.\AGE 
I D ID FIE i.... D.3 IN 1 IN 2 OUT 
2 0 2 1 0 0 
F IE-LO 
M~EA 
l ACl 
; • SilO 
2 LAYE"R 
0 4-W 
0 120 
0 045 
0 . •150 
5 000 
0 . 392 
l . 83~ 
FIEU) 
AREA 
<AC l 
3 100 
2 LAYER 
0 . 44 0 
0 . 120 
0 ('1 45 
0 . 450 
5 . O•JO 
0 . 392 
l 632 
CURVE 
NUM~ER 
Bb 00 
3 LAYE.R 
0 44 0 
0 120 
0 . 04 5 
0. 300 
10 000 
0 . 435 
2 035 
CUHVE 
NUMLJER 
86 00 
3 LAYER 
0 44 0 
0 1~ 0 
0 . 045 
0 . 300 
10 000 
0 435 
2 035 
RE TURN 
FLOW T It:E MODIFIED VSLE FAC TORS FOR FIELD 
!OAYJ SOIL COVER CONTROL SL 
100 00 0 10 0 13 I 00 1. 30 
SO I L LAYER PAio.N•lETERS 
4 LA~'ER 
0 400 
0 120 
0 056 
0 300 
15 . 000 
o. 3ao 
I 780 
RE riJR N 
F'LOIJ Tit:E 
l DAY) 
lOa ao 
5 LAYER 6 LAYE.R 7 LAYER 8 LAYER 
0. 400 0 4 00 0 400 0 400 
0 120 0 120 a 12a 0 12a 
0 056 0 056 0 056 0 . 056 
0 300 0. 300 0 000 0 . 300 
20 000 22 500 25 000 27 . 000 
0 380 0 190 0 190 0 152 
I. 700 0 . 890 0. 890 0 712 
l'lODIFIEO USLE FACTORS FOR FIELD 
SOIL COVER CONTROL SL 
010 0 . 05 100 1. 30 
SOIL LAYER P.;R AMETERS 
4 L•WER 5 LAYER b LAYER 7 LAYER 8 LAYER 
0 .100 0 •1 00 0 . 400 0 400 0 400 
0 1~0 0 120 0 . 120 0 120 0 . 120 
0 C5o 0. os.:. 0 056 0 056 0 . 056 
0 . 300 0 . 300 0 300 0 000 0 . 300 
15 000 20 000 22. 500 25 000 27 000 
0 3-30 o :;ao 0 . 190 0 !9a 0 152 
1. 780 1 780 0 890 0 690 0 . 712 
CHANNEL DIMENSIONS TRANSMI£SION LOSS COEFFS HYDRL. CONDUCTIVITY 
REF-ORT N!J 5 
CHMN POND 
LENGTH 1-JIDTH AXW BY;.l FXW CHANNEL POND 
(MJ) <FTJ lAC/FTJ <Mil <IN/HRl CIN/HRl 
I 0 0 758 9. 000 -0 03401 0 . 98530 0 . 7524 1 2 . 000 0 . 000 
POND 
APEA 
PON D VOLUMES CH::ONNEL SUBBAS I N PAFAt·1ETERS CHA~mEL 
SLOPE 
ROUQHNESS 11EDIAN FRACTION 
Ir~IT FU!....L 
<AO:Ii=T> <AC:FTl 
0 0000 0 0000 
M,;:ArJ OUR t1EAN VOL MEr-.N PEAK 
<HR) <ACIFTl ( IN/HRJ <ACl 
c . 5394 2 9548 2 ~a23 toa . ooo 15 . 0000 
TOT,l,L WALL DIAMETER SILT ·'~< 
<SEC/FT••C 113> l lMMl CLAY 
0 0260 0 0350 0 . 7400 0 0092 
CAS i AC J 
o oc-o 0 0151 
P?..~TICLE DIM1C::T~R i"RACT l Qr._ 
CL/-1SS ( Mf1 J IN DED 
o o=:;:o 0 . OlE.!S 
o 1 ~eo 0 Q<;' 70 
0 3200 0 1 9~>0 
0 5600 0 ~G~'O 
1 1600 0 1?8(.; 
:::: 2 '?>00 0 1 ~~C"<l 
4 1000 a oa~_,o 
9 6000 0 0"0,) 
<SEC/FTl 
00 
"" 
FIELD 
F IEL D FJEL D RE?ORT 
10 TYF' E NO 
' 
LA TERAL < 
SOIL PORGS!TY I!~ / IN > 
WATC::R AT 3 BAR INIINJ 
WATER AT 15 BAR Jf\j / JNi 
SATURATED COND lN/HR) 
SOI L DEF'TH. ACC ( !:--.!) 
FiELD CAPACIT'!' ( INJ 
f"1,; ;; IMU/1 E TGRAGE c I~~) 
FIELD 
FIELG FiELD RE?Q;:;r 
10 TYPE NO 
5 LATER AL 5 
SOIL POR•~S iTY I J NII NJ 
W4T£R .4 T 3 BAR CtN.'IN) 
WATEf: 4i 15 3t<R ( J r. r !N l 
SATVR.:.TED COND ( I r~/HR ) 
SOIL DEF 1 H, ACC i I NJ 
Fi::LC: C 4 .~ A':ITY \ IN J 
11-'. ~ I :'ii_~;-t S T UR i=-GE ( I~~) 
* 5')JL CRO? 
LA'rERS NO 
8 
1 L AYER 
II SOIL 
LAYERS 
B 
0 440 
0 120 
0 045 
0 500 
0 500 
0 044 
0 204 
CROP 
NO 
1 L4YE R 
0 440 
0 120 
0 0 45 
0 500 
0 500 
0 0:•44 
c 20 4 
F JFLD 
ARE4 
CA C l 
4 9 200 
2 LAYFR 
0. 4-+ 0 
0 1 2 0 
0 045 
0 . 45'J 
5 000 
0 . 39~ 
1 8 32 
FH·LO 
fiREA 
CAC) 
4 ·7 ?OJ 
2 LAYER 
0 •HO 
0 120 
a . o .; s 
0 1150 
5. 000 
0 39;:! 
1 832 
CURVE 
1\:U,.l&ER 
96 00 
3 LAYER 
0 440 
0 120 
0 045 
0 300 
10. 000 
0 435 
2 035 
CURVE 
NU11l3ER 
8!. 0 0 
RETURI~ 
FLOW TII';E l'lOUIFIED VSLE FACTORS FOR FJELD 
COAY J SOIL CO\'ER CONTROL SL 
100.00 0 10 0 13 1 . 00 i. . 30 
SOIL LAYE:R PARI\I'"lE" TE"FIS 
4 LAYER 
0 . 400 
0 . 120 
0 056 
0 . 300 
1 5 000 
0 . 380 
-1 780 
RETURN 
FLOW TI~;E 
CDAY l 
100_ 00 
5 LAYER 6 LAYER 7 LAYEH 8 LAYER 
0 . 4 00 0 400 0 400 0 400 
0. 120 0 120 0 . 120 0 . 120 
0 . 056 0 . 056 0 . 056 0 . 056 
0 300 0 JOJ 0 . 000 0 300 
20 . 000 22 . 500 25. 000 27 000 
0 . 380 0 . 190 0 . 190 0 . 152 
1 . 780 a 890 0 890 0 . 712 
MODIFIED U3LE FACTORS FOR FIELD 
SOIL COVER CONTROL SL 
0 . 1 0 0 . 05 1 . 00 1. 30 
SOIL LAYER P ARI\I"lETERS 
3 LA "lER 4 LAYER 5 LAYER 6 LAVER 7 LAYER 8 LA YER 
0 44 0 0 400 0 1100 0 4 00 0 400 0 . 4 00 
0 . 120 0. 120 0 120 0 120 0 . 120 0 120 
o. G.;s 0 0 56 0 . 056 0 056 0 056 0 . 056 
0 300 0 300 0 . 300 0 300 0 000 0 . 300 
10 000 15. 000 2a . DOC 22 . 500 25 000 27 . 000 
0 435 0 380 Q_ 3-90 0 190 0 . 190 0 . 152 
2. 035 1 . 7Sa 1 790 0. 890 0 . 890 a 7J2 
00 
__, 
PLAtJT ROliTWE INPUTS 
SPEC l ES 1 j S "'.:..RM SE4SON GR1'.:'.SES 
SPE::I ES S"'ECIFIC FMR.G.~i=:TERS FOR WARI'I SEASON GR ASS~S 
75 ovcvv 0 3=<000 45 c.oooo 30 000~0 7 00000 2 0 00000 1. 50000 
- c. 250•):J o oscoo -o ooo;oo -o oosoo o. 040oo o OJ soo o oo2oo 
0 0~770 -0 11500 0 01000 0 OC2 ~0 0 . 00300 0 00800-130 00000 
0 70000 
0 01500 
0 00200 
Ci< I I I CAL V4L IJES FOR I-JAR11 SEASON GRASSES 
.3 ooc,:.o -2 00000 10 oooco -12 . 00000 -5. 00000 180 . 00000 180 00000 270 00000 
SFECJES 2 !5 L.JI\RM SEASOIII FORBS 
SPEL IES SPECIFIC PARAI';E TERS FOR ~JAR/'1 SEASON F ORBS 
~ 5 t:-00)0 0 ':'-C•OOO 45 . 00000 30 COOOJ 7 00000 17 00000 1 SCOOO 
-0 oOC(·C• 0 OoOOO -0 0 1000 -0 00600 0 0 4000 0 03UOO 0. 05000 
0 06770 - 0 11500 · 0 . OHiOO 0 . 00150 0 00010 0 00800-120 00000 
0 70000 
0 01500 
0 00400 
CRITICAL VALUES r"OR WtloRI1 'SEt~SON FClROS 
3 C-JOX;. -1 . O·J.JOO 9. OOGOC -1 2 00000 -5. 00000 200. 00000 200 00000 230 00000 
:FE:O~IES 3 I S St-;;fUG3 
<:.=£·:i::S 3?E:iFIC 
1 •) O•)<·.)·) 2 aooco 
-0 G('•J ':>() 0 00100 
0 Oe- 770 -0 11500 
?r~RA\~T C:RS FGR SriRUE3 
40 00000 20. 000~•0 3 C•OOOO 
-o oo1oo o. oooov o oc5oo 
0 010~0 0 . 00!50 0 00450 
CR IT !CAL VALU=:S FOR ~H<t;BS 
8 OCJOOO l SOOCO 
0 03000 0 04000 
0 01100- JJO 00000 
0 70000 
0 01500 
0 00100 
~ 0000•) -4. 000•)0 5 00000 -8 00000 -1 . 00000 l 00 00000 200 00000 270 OJOOO 
H·dl IAL W•l\..IES FOR ~LTC: 1 
DEAD RCIDTS 
Ll TlER 
GRbA 'HC MATTER 
f'H '1'T0r1ASS 
(Gi t!•'-";•J 
610 coo 
147 00(1 
;:coo ooo 
SCIL H JJK GANiC NITROGE!HG//'1n'2i 0 10 
NllROGi::~J 
( (;.'~1••2 J 
:-. 6&0 
1 •1"JO 
uo 000 
INITJ.-'\L ?L;..NT F HYTOMASS Af\10 t·'I fROCEN VALUES FOR SITE: I rlND SPEC!C.S 1 
( ,",\_L ',IALUES I Gtr·1H2 J 
r,UQVE.G~OU! lD I I ·:~ 0 000 000 
LiVC fiGlol _; 300 . 000 OC•O 
PRC:PAGVL ES 0 OOC• {lVO 
CTf,/JiJ !I J,:; DliD "30 000 150 
10 00000 
0 00500 
0 42000 
5 00000 
0 00500 
0 . 21000 
5 00000 
0 OIC>JO 
0 30000 
-0. 00010 
0 . 32300 
0. 00000 
-0. 00040 
0 . 32300 
0 . 00000 
-0. 00005 
0 . 32300 
0 . 00000 
co 
co 
IN I Ti k FL A!-: T ?H YT011ASS Af•D NlT ROGi::r..l V~LUES FQR 3ITE 1 AI•D S?ECIE5 2 
t AL L 'JAt.. UES IG /M~>~ J 
Ai30VECiWUND L I V£ 
LI VE ROOT S 
?RGPA·~ L'L t;:S 
STANDING DEAD 
5 000 
2 5 0 00 
0 0 00 
3 000 
0 l zo 
0 250 
0 0 0 0 
(I 0 15 
INITIAL PLANT PHYTC!~ASS AND NITROGEN VALUt:S F'OR SITE 1 AND SP~C IES 3 
CALL VAt..UE3 IG II"1••2J 
ABOVEGROUND LIVE 
L l VE ROOTS 
FRCPP.GULES: 
STAtmir-W DEAD 
lt·JITIAL VP.LUES FOR SITE 2 
DEMO R0:1TS 
L1 TTE~ 
CRGAt.ilC t1ATTER 
3 . 000 
20 000 
0 0 0 0 
7 000 
PHYTClMASS 
CG / Mu;::) 
!.10 000 
14 7 000 
2000 000 
S:OIL HJORG.:.tJ!C NiTRC GE Nt G/ t1 .. • 2 J 0 10 
0 090 
C ;"OO 
0 000 
0 035 
NITROGEN 
C G/ t-1 ~ •21 
3 .t>60 
I 470 
80 000 
Jr.iiTIML P ~ .. A !H PHY T0:'1t.,S5 AND NITROGEN VALUES FOR SITE 2 AND SPECIES 1 
( ALL V~LUE5 I G/ Nt.· -22: I 
ABOVEG~OUNO L I\.'E 
LIVE FiGOEi 
PRG;:,:. ,;I..I:.. ES 
ST t,~,o i NG CEt-.0 
0 000 
20 0 0 0 
0 . 0 0 \1 
1 500 
0 . 000 
0 200 
0 000 
0 . 007 
IIJITIAL P L ANT FHYTGf''.ASS M~O NITROGEN VALUES FOR SITE 2 AI~D SPECIES 2 
; t..LL v,:. L UES i G/ MH·2 J 
ABOVEGROUt·JD LIVE 
LIVE ROOTS 
F?OPAGLJLE5 
STANDH>~O VEAO 
5 voo 
2 !i . 000 
0 OOCr 
3 000 
0. 1 ~0 
0 . 2:>0 
0 (•00 
0 015 
INiTIAL ?i.J,NT PHYTOM.Q,SS AND ~J!TRJGEN VALUES FOR SIT E 2 AND SPECIES 3 
1A~L VALUES I GIM• • 2) 
ABOVEGROUND LIVE 
L I 'JE RUJT S 
f'f(C?AGUi... E S 
S TA~ ~ UHJG DEt.O 
lNITl~L '.IA.LUES FOR SITE 3 
CEf.o.D RGIJT S 
Ll TTE :i 
C~G-t.r J i: C 11t. T TEr~ 
10 0 00 
50 000 
0 {\()0 
7 (\00 
PH "f"T oru~ss 
( G / ~1 ~ -~ J 
6 10 [..;() \) 
1 :.-; ~"~' 
~;.:;c. .. :, 000 
SOIL li~ORGA ''IC N l rt<G~EN ( G / t~<Ho ;"J 0 10 
0 300 
0 . S·JO 
0 0 C•O 
0 C35 
NI1 ~Cr<j EN 
<::./t·l-..-:-2 ) 
3 660 
1 'i :t O 
00 0 00 
CXl 
<.0 
~~~JTJ.C..L PLANT PMYTQMASS AND NJTRJ'iEN \"'LllES FUR SITE: 3 M~D SPECIES 1 
•ALL VALliE3 <CII·it•21 
ABO\ 'E~~OUND LIVE 
Ll\'E ROOTS 
FROP.l<C llL SS 
ST~NDING DEAD 
0 {.·00 
2C• C•OCJ 
0 00{> 
1 ~00 
0 oco 
0 2(..0 
() 000 
0 007 
INiTIAL PL~NT PHYT:J:O:ASS l-NO NITROGEN VALU ES FOR SITE 3 Ar·m SPECIES 2 
<.:.LL '.IA~l!:3 iG/ M:o ~2) 
AJOvEGRU!JNjj li\'E 
LI'.'E ROOTS 
PRO?,:,.;ULES 
ST;.r·,DING DEAD 
5 0(10 
2~ OCCI 
0 000 
3 coo 
0 150 
0. 2~·0 
0. 000 
0 0 1 5 
INITIAL. PLANT FHYTOt~4SS AND NITROG EN VALl •ES FCR SITE 3 Ar~O SPECIES 3 
U•Ll '.'ALUES <G1Mt.~2l 
A30V EGROUND LIVE 
LIVE ROOTS 
PRCPhCULE:; 
STMIJDINC DE.f..D 
lhliTIAL v;..L'IES FCR SITE 4 
DEAD ROOTS 
LITiER 
CP.G..:.·JIC MAllER 
10 coo 
~0 000 
C t•OC> 
7 00::0 
PHY10111\SS 
( G/ M••2l 
61 0 CIOO 
14 7 0(>{) 
2000 000 
SOIL INOii:G'AtJIC NITROGEN<G I Mu 2J 0 10 
0 3C·O 
0 500 
( 1 OC•0 
0 035 
NITii:O(.EN 
CG/t·1 • .,2l 
::: 660 
1 •i70 
eo voo 
HJITi~'- PLAI·H PHYT0:1.t<SS AND NITRO;EN • • .:.LUES i="OR SITE 4 AND ~i='EC:lES 1 
I 1\LL v;.L UES < G/t·iH2) 
ABO'~E.;~QU~JD LIVE 
L I '.'E ROOT S 
PP.OPAGULES 
5TMNDir·JG DEAD 
0 coo 
20 000 
(J coo 
I 500 
0 000 
0 200 
0 000 
0 007 
IIJITIAL PLAf-H PHY TGI1ASS AND IJITR Q.:;EN VALUES FOR SITE 4 AND SPECIES 2 
(ALL '.'AL\JES <GIM--~2) 
ABOI.'EG'10UIJD LIVE 5 (•00 0. l :.o 
LIVE ~OOTS ~~ 000 0 ;;:·~0 
PROPr.GliLES 0. 00:•0 (1 C">OC 
STAI·JDH~G DE.AD 3 C'OO ') 015 
WITi.:..L ?LANT FHYTGt'<ASS AND N iT R:JGEN VI•Ll lES FOR SilE 4 ,.:.ND S?E:iES 3 
(,:I,LL VALVES (G/~' "•21 
,:.[!QVC: ·:;Rm· r~:::. L!l.': ll1 000 o Joo 
LI '. E RGOiS 
p;:_:pA :; 'JLE3 
S T ..ltJ~ lr-JG ~E:.D 
~(J 000 
o o.-,(, 
7 c.,;o 
0 ::.c.v 
( t C:C•J 
0 035 
<D 
0 
INITIAL V:\U!ES FOR SITE 5 
D~AD ROOTS 
LITTER 
ORC.Ar-JJC M.!;TTER 
PHYT(I '1t~ SS 
tG/I'•• • ;:•l 
61 0 000 
14 7 000 
2 000 000 
SO IL H~OR~MHC N rTrlOG!::N • G/ MH2\ 0 10 
NITR OG EN 
lG1~1 •• 2J 
3 c-aO 
I li i O 
so 000 
ItdT!AL PL ANT FHYTUMASS AND NITROGEN \.'I1LUES FOR SITE 5 AND SPECJ£5 1 (ALL VALIJES <GI/"hn2) 
MBOVEG;;QUND L I '•'E 
LI\'E ROOTS 
PROPAiiU~ .. ES 
STI.r·~DING DE'"' D 
0 000 
~0. 00() 
0 000 
! 500 
0 000 
0 2 \•0 
o,) C•OO 
0 007 
H II Tl.l.L ? L ANT PHYTO:"";ASS HND NITROGEN '.'ALUES FOR S lTE 5 f..ND SPECIES 2 
•ALL VAL liE5 <GfMu 2l 
ABUVEG~UiJND LIVE 
u ·~·E ROOTS 
PROPAGt 1L ES 
ST,;r;DtNG DEAD 
5 000 
2~ JOO 
0 000 
3 000 
0 1 ~·0 
0 2~ 0 
0 I•C.•O 
(• 01 5 
INITiAL PLANT FH'fiQ:~A35 .:.rm NITRQ.;EN VALU~S rOR SIT~ 5 AND SPECIES 3 
( .:.LL V.:. LU:S ( Gi/1 H2) 
ABOVEGROUND LIVE 
LI VE RDOT5 
PROPAGUi...£5 
ST,:.,'HiiNG D~AD 
10 vov 
:;c. CCIO 
0 OCC• 
7 . 000 
'r~ONF"I:: ~.- 0-NG~~SPECIES £PECIFJC P.ARM"lETE.~S 
o 1 oo o t sv o C•04 -o o2e 
TO T4L ""'ERD SIZE 20 
0 300 
0 ~00 
0 000 
0 035 
1::1 . 000 1 200 
H·• LlVE5TOCI\ INPUTS ·~tt• 
<~ -~r * F OR T!-',1: AVER>,G::: STEE:R 
11 !::~ ~· A3 Y~·,~T':lTlC WE:I GHT FOR 1~;.:-TURE: STEER Ir~ iHE SA/',E H:::RD ( 1-\G) 45 5 00000 Ut'' STi::~R Si ARTS G.R-'IZjt,iG teJ 
D;..·,· ST:::ER STOP':: GRAZII·JG 274 
AGE OF SiEEP t,T TH-"E GRA!I1·JG STI-i<TS <DAYS) 365 00000 
!..'E!O:,.,r ·JF SrE~R ,;; "7" 1 ME GR AZING STt.RTS (1(:0) ;: 7 J OOOOJ 
~"EC1E5 FRE FE~<=:NC E L 0.: •· "7"IG r~ PFEFERLIJ.:,( &.f-.[. Li :'i ;:T•\7I S--~ :,. £tlr_C iES C.r;;EEN l)py 
0 500 0 Q-':'5 SITE 
0 300 0 0 95 
0 0 03 0 C•GS 
Pi-'YS J CAL U !1T .:..Ti oq 
~ 0 E:~ I E3 GREE rJ URY 
1 coo 1 coo 
v '50 0 75,0 
0 !'j-:'•0 0 500 
LOCA TION 
0 200 
0 ~00 
0 200 
0 200 
0 200 
LIMITMTIU~~ 
1 o:;o 
1 ·)00 
1 00 0 
1 JOC 
l coo ~ 
VITA 
In-Hwan Kim 
Candidate for the Degree of 
Doctor of Philosophy 
Dissertation: An Economic Analysis of Watershed Practices: Impact 
of Grazing on Wate rshe d 
Major Fie 1 d: Economics 
Biographical Information: 
Persona l Data: Born at Daegu, Korea, November 4, 1942, son of 
Yoonsuk and Samboon Kim; married Su nhee December 26, 1972; 
three children--Young, Boh n, and Hayek. 
92 
Educat ion : Attended elementary schoo l in Sungjoo, Korea; gradua -
ted f rom Ch un gdong High Sc hool , Seo ul, Ko rea in 1961; 
received the Bachelor of Sc ience degree from Seou l National 
University in 1965, with a major in Agr icultural Economics; 
received the Master of City Planning f r om Seoul National 
Univers ity in 1972; atte nded postg rad uat e course on Economic 
Develo pment , University of Cambridge, Un ited Kingdom, 
1973-1974; completed requ irements for the Doctor of Philoso -
phy degree in Economics at Utah State University, 1984. 
Profess i onal Experience: 1968-1 976 , Planning Officer , Ministry 
of Co nstruction, and the Ministry of Science and Techno l ogy , 
Government of Korea ; 1977-1979, Director of Env ironmental 
Pla nning Divi s ion, Ministry of Hea lth and Soc i al Affairs, 
Government of Korea; 1980-1 981, Director of Overall Pl an nin g 
Di vis i on , Office of Environment, Government of Korea. 
